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ABSTRACT
T his study  c o n s id e r s  th e  b io lo g ic a l  f e a s i b i l i t y  o f  r a is in g  b a i t ­
s iz e d  c r a w fish , Frocambarus c l a r k i i 9 in  L o u is ia n a .
The normal cra w fish  growing sea so n  b eg in s  in  O ctober when ponds 
are r e flo o d e d  and ends in  May when ponds are  d ra in ed . E xperim ental 
ponds w ere r e flo o d e d  on 1 Septem ber, 1 O ctober, and 1 November to  
determ ine i f  b a i t - s i z e d  cra w fish  in  th e  p re fe r r e d  s i z e  ran ge, 50-70  mm, 
would b e a v a i la b le  in to  May. They became a v a ila b le  in  m id-O ctober in  
th e  f i r s t  treatm ent and remained a v a ila b le  in t o  May. M aturation  took  
p la c e  w ith in  s i x  weeks o f  r e f lo o d in g  i n  th e  f i r s t  two treatm en ts but 
was delayed  f i v e  to  s i x  months in  th e  l a s t  trea tm en t. A second peak  
in  th e  f i r s t  two trea tm en ts c o in c id e d  w ith  th a t  o f  th e  th ir d . Sm all 
s i z e  a t  m aturation  (60 -80  mm) was ap p aren tly  in f lu e n c e d  by h igh  
p o p u la tio n  d e n s i t ie s  and l im ite d  food .
Methods fo r  producing s o f t - s h e l l e d  cra w fish  in  th e  p re fer red  
b a i t  s i z e ,  50-70  mm, were examined in  two s t u d ie s ,  a m o ltin g  study  
and a p o stm o lt hardening s tu d y .
Most o f the 299 cra w fish  (92%) used in  m o ltin g  s tu d ie s  m olted  
w ith in  te n  days o f  in tr o d u c t io n  in to  th e  la b o r a to r y . There appeared  
to  be se a so n a l and la b o ra to ry  in h ib i t io n  o f  th e second la b o ra to ry  
m olt in  c o n tr o ls .  In te rm o lt  d u ra tio n  averaged l e s s  than 12 days (90% 
m o ltin g ) in  January, March, and May b u t over 18 days (50% m o ltin g ) in
xi
June. C ontro l cra w fish  from another so u rce  d elayed  m olt in  
November (23 days -  50% m o ltin g ) ap p aren tly  th e  r e s u l t  o f  la b o ra to ry  
m olt in h ib i t io n .
Hormone in j e c t io n  and e y e s ta lk  l i g a t io n  w ere used to  in f lu e n c e  
m olt r a te .  M oltin g  Form ulation  No. 1̂ " d id  n o t h a sten  m olt when 
in je c te d  fou r  days a f t e r  i n i t i a l  m o lt . E cdysterone (3 jig per g) d id  
h a ste n  m olt when in je c t e d  fou r  days a f t e r  i n i t i a l  m o lt , but most 
m olts w ere in co m p le te . E cdysterone (3  }ig p er  g) d id  n o t h a ste n  m olt 
when in je c t e d  one day a f t e r  i n i t i a l  m olt but d id  f a c i l i t a t e  m o lt , 
w ith  90% o f  th e  tr e a te d  cra w fish  m o ltin g  v ersu s  50% o f  th e  c o n tr o ls .  
E y esta lk  l i g a t io n  fo u r  days a f t e r  i n i t i a l  m olt d id  h a sten  m olt and a l l  
m olts were s u c c e s s f u l .
In  th e  second s tu d y , cra w fish  w ere m olted  in  hard w ater (32 ppm 
calcium ) and d e io n iz e d  w ater  to  determ ine hardening o f  carapaces a t  
0 , 1 2 , 24 , 4 8 , 72 , and 96 hour and th r e e  week in t e r v a l s .  Measures 
o f hardening w ere p e r c e n t ca lc iu m  and carapace dry w eigh t p er u n it  
le n g th . Carapace ca lciu m  reached a peak o f  12-15% w ith in  12 hours 
p o stm o lt in  d e io n iz e d  w a te r . Carapace dry w e ig h ts  reached a peak  
o f  12 -16  x 10” 4  g a t  24 h ou rs. Both carapace ca lc iu m  and dry w eigh t  
g ra d u a lly  d e c lin e d  fo llo w in g  p eak s. C raw fish m olted  in  d e io n iz ed
■^Crayfish S c ie n c e s ,  I n c . ,  209 S . B road le igh  R d ., Columbus, Ohio.
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w ater were approxim ately  o n e -th ird  as hard as in te r m o lt  craw fish  
(as measured by carapace dry w e ig h t ) .
Carapace ca lcium  and dry w e ig h t were measured fo r  la r g e r  (7 0 -  
75 mm and 85-90  mm) craw fish  in c lu d in g  j u v e n i le  or s e x u a lly  in a c t iv e  
and mature specim ens. Carapace ca lcium  v a lu e s  showed l i t t l e  
v a r ia t io n  (2 4 .3  -  27.0% ), but carapace dry w e ig h ts  p er  u n it  le n g th  
o f  m ature cra w fish  w ere double th o se  o f  j u v e n i le  or s e x u a lly  in a c t iv e  
cra w fish  o f  the same s i z e .
Two s tu d ie s  w ere conducted to  d eterm ine th e  resp on se o f  b a i t ­
s i z e d ,  h a r d -sh e lle d  cra w fish  (30 -60  mm) to  s im u la ted  sh ip p in g  and 
h o ld in g  c o n d it io n s .
C raw fish  packed in  damp, co a rse  p in e  saw dust su rv iv ed  48 hours 
a t 6 °C w ith  n e g l ig ib le  m o r ta lity .  M o r ta lity  was approxim ately  25% 
among 50-60  mm cra w fish  a f t e r  72 h ou rs.
C raw fish  w ere h e ld  semisubmerged fo r  two weeks a t  co n cen tra tio n s
. o
o f  1 mm o f  craw fish  p er 34-223 mm o f  bottom  a rea . M o r ta lity  ranged 
from 5-50% and was p r im a r ily  th e  r e s u l t  o f  can n ib a lism  a t  m olt 
although  s a n ita t io n  problems occu rred . C annibalism  o f  in t a c t ,  
nonm olting cra w fish  d id  n o t  occu r. F eeding d id  n o t n o t ic e a b ly  
improve s u r v iv a l .




Crawfish c u l t iv a t io n  fo r  human consum ption in  L o u is ia n a  i s  w e l l  
documented (A vault e t  a l . ,  1970; A v a u lt , 1972; Franz, 1974; Gary,
19 7 4 ). An e stim a ted  1 .7 5  m il l io n  kg o f  c r a w fish , worth approxim ately
1 . 2  m il l io n  d o l la r s ,  were h a rv ested  from com m ercial ponds during the  
1973-74 se a so n . The rep orted  w ild  h a r v e st  fo r  th a t p er io d  was 3 .7 8  
m ill io n  kg (F ranz*,19 7 4 ). Growth o f  craw fish  pond c u ltu r e  has been  
phenom enal, from l e s s  than 4 ,900  ha in  1969 to  over  18 ,200  ha in  
1974 (Gary, 1 9 7 4 ). Franz (1974) p r o je c ts  9 1 ,0 0 0  ha o f  p o t e n t ia l  
p rod u ction  ponds w ith  an average y e a r ly  y ie ld  o f  4 5 .5  m i l l io n  kg.
Based on f is h e r y  s t a t i s t i c s ,  L ou is ian a  i s ,  by f a r ,  th e la r g e s t  
producer o f  craw fish  fo r  human consum ption in  th e  U nited  S ta te s  (U .S . 
Department o f  Commerce, 1 9 7 1 ). Nominal w ild  h a r v e s ts  have a ls o  been  
rep orted  from C a lifo r n ia  (N ic o la , 1971; A v a u lt, 1 9 7 2 ), Oregon (M ille r  
and Van H yning, 1 9 7 0 ), and W isconsin  (T h reinen , 1 9 5 8 ).
In  L o u is ia n a  the p r in c ip le  c u ltu v a ted  s p e c ie s  i s  th e  red swamp 
c r a w fish , Procambarus c l a r k i i  (G irard ). The w h ite  r iv e r  craw fish  
Procanibarus acu tus acutus (G irard) r ep re se n ts  no more than 10% o f th e  
t o t a l  h a r v e s te d , w ild  or d om estic  (A vault e t  a l . ,  1970; LaCaze, 1 9 7 0 ).
The prim ary commercial u t i l i z a t i o n  o f  cra w fish  in  the U nited  
S t a t e s ,  o u t s id e  L o u is ia n a , i s  fo r  f i s h  b a i t  or  la b o ra to ry  specim ens
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(T hreinen , 1958; M eredith and Schw artz, 1 9 6 0 ). Any cra w fish  may be  
used fo r  b a i t  in  some form (C araher, 1973; Huner and A v a u lt , 1974; 
McClane and Buckow, 1975 ); however, my survey  o f  th e  c o n t in e n ta l  
U nited  S ta te s  to  id e n t i f y  e x i s t in g  and p o t e n t ia l  m arkets (Appendix A) 
rev e a led  th a t the p re fer red  s i z e  range i s  50-70  mm. The minimum 
com m ercially  a c c e p ta b le  s i z e  fo r  human consum ption in  L ou isian a  i s  
75 mm (A vault e t  a l . ,  1974).
At th e  p r esen t t im e , th ere  i s  v ir t u a l ly  no organ ized  commercial 
cra w fish  b a i t  in d u str y  in  L o u is ia n a . Some sm a ll cra w fish  
(approxim ately  50 mm t o t a l  le n g th )  are  h a rv ested  in  th e  V i l l e  P la t t e  
area  when r ic e  f i e l d s  are flo o d ed  in  the e a r ly  sp r in g  to l e v e l  the  
b ottom s. These are s o ld  s p e c i f i c a l l y  fo r  b a i t ,  u s u a lly  by young 
p eop le  who ca tch  them u s in g  d ip  n e ts  (F ow ler , 1975 , P e r s . Comm.).'*' 
There a r e , how ever, e x i s t in g  and p o t e n t ia l  m arkets fo r  b a i t  
craw fish  throughout th e  country  (Appendix A ). I n te r e s t  in  L ou isian a  
craw fish  fo r  b a i t  has been  ex p ressed  in  s e v e r a l  areas in c lu d in g :  
In d iana  (T h ib au t, 1 9 7 2 ), n o r th -c e n tr a l L o u is ia n a  (H ughes, 1972,
P e r s . C o m m . ) 2 ,  Ohio (Heyman, 1975, P e r s . Comm)^, M ichigan (Edwards>
*T ers. Comm. 15 A p r il 1975, J . Fow ler, L ou is ian a  C ooperative  
E xten sion  S e r v ic e ,  L ou is ia n a  S ta te  U n iv e r s ity ,  Baton Rouge, L o u is ia n a .
2
P e r s . Comm., 15 June 1972 , J . S . Hughes, B io l o g i s t ,  L ou isian a  
W ild l if e  and F is h e r ie s  Commission, D i s t r i c t  O f f ic e ,  Monroe., L o u is ia n a .
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P e r s . Comm., 7 January 1975, J . J . Heyman, C raw fish S c ie n c e s ,  
In co rp o ra ted , Columbus, Ohio.
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1974, P e r s . Comm.)^, and Texas (B u illa r d ,1 9 7 4 , P e r s . Comm.)^.
In  i n i t i a t i n g  th is  s tu d y , I  f e l t  th a t c u lt iv a t io n  o f  b a i t  
cra w fish  in  L o u is ia n a  cou ld  se r v e  two fu n c t io n s . F i r s t ,  i t  cou ld  
expand a cra w fish  farm er's o p t io n s , e s p e c ia l ly  during p er io d s  o f  
p r ic e  i n s t a b i l i t y  caused by w ild  crop abundance (LaCaze, 1970 ).
That i s ,  th e  fan n er cou ld  r a is e  cra w fish  both fo r  b a i t  and human 
consum ption. He cou ld  then  co n cen tra te  on b a i t  p rod u ction  irt th e  
l a t e  sp r in g  commanding h ig h e r  p r ic e s  than he would o th erw ise  r e c e iv e  
fo r  cra w fish  in ten d ed  fo r  human consum ption. Or, he could  r a is e  
b a i t  cra w fish  a lon e  and not worry about co m p etitio n  from th e  w ild  
food crop . S eco n d ly , i t  cou ld  p rov id e  cra w fish  farm ers w ith  an o u t le t  
fo r  u n d e rs ized , mature cra w fish  th a t  have ceased  to  grow, an in c r e a s in g  
problem in  L o u isia n a  craw fish  ponds (A vault e t  a l . ,  1 9 7 4 ). L a te r , i t  
became apparent th a t b a i t  cra w fish  might se r v e  as a secondary crop 
fo r  f i s h  farm ers engaged in  minnow and f in g e r l in g  c a t f i s h  p rod u ctio n .
As a r u le ,  th e se  farm ers now co n sid er  cra w fish  a p e s t  and seek  to  
d estro y  them.
In  order to  determ ine th e  f e a s i b i l i t y  o f e s ta b lis h in g  a b a i t  
cra w fish  in d u str y  in  L o u is ia n a , th ere  are two im portant c o n s id e r a t io n s .  
One i s  th e  b io lo g ic a l  f e a s i b i l i t y  w h ile  the o th er  i s  th e  economic 
f e a s i b i l i t y .  B a it  cra w fish  p r ic e s  (Appendix A) are comparable w ith
^Pers. Comm., 17 December 1974, E. Edwards, The Day B a it  
Company, P ort Huron, M ichigan.
-*Pers. Comm., 25 November 1974, D. B u il la r d , B u i l la r d 's  Frozen  
Foods, S t .  M a r t in v i l le ,  L o u is ia n a .
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th o se  commanded by minnows, a w e l l  e s ta b lis h e d  and p r o f i ta b le  
a q u a cu ltu re  in d u str y  in  th e  U n ited  S ta te s  (T horton , 1 9 7 5 ). T h erefo re , 
t h i s  stu d y  i s  devoted  to  th e  b io lo g i c a l  f e a s i b i l i t y  o f  producing  
b a i t  c r a w fish .
When co n s id e r in g  the b io lo g i c a l  f e a s i b i l i t y  o f  producing b a i t  
cra w fish  one must have an understan d in g  o f  both  th e  cu rren t  
c u l t iv a t io n  p r a c t ic e s  as th ey  r e la t e  to  s e a so n a l a v a i l a b i l i t y  and 
th e  c r a w fis h 's  p h y s io lo g y , s p e c i f i c a l l y  m o ltin g  as a f f e c t s  p rod u ction  
o f  s o f t - s h e l l e d  c r a w fish , o f te n  a p r e fe r r e d  b a i t  (M eredith and 
Schw artz, 1960; Heyman, 1971j C araher, 1973; Huner and A v a u lt, 1 9 7 4 ). 
T h erefo re , t h i s  d is s e r t a t io n  w i l l  in c lu d e  a l i t e r a t u r e  review  o f  
both  s u b je c ts  to  se r v e  as a background fo r  l a t e r  d is c u s s io n  as w e l l  as  
in fo rm a tio n  fo r  w orkers who w i l l  fo l lo w .
The o b je c t iv e s  o f  th is  resea rch  w ere as fo llo w s :
1) D eterm ine w hether or not m an ip u la tion  o f  a cu rrent management 
tec h n iq u e , f a l l  r e f lo o d in g , can p ro v id e  b a i t - s i z e d  cra w fish  throughout 
th e  normal growing se a so n . Septem ber-O ctober through A pril-M ay.
2) D eterm ine th e  requirem ents fo r  p rod u ctio n  o f s o f t - s h e l l e d  cra w fish  
under c o n tr o lle d  c o n d it io n s , t o  in c lu d e  s tu d ie s  o f  n a tu ra l m o lt in g ,  
hormonal m a n ip u la tio n , and p ostm olt ca lcium  io n  d e p r iv a t io n .
3) Determ ine op tim al h an d lin g  procedures fo r  h a r d - s h e l l ,  b a i t - s iz e d  
c ra w fish .
A ll  s tu d ie s  are  r e s t r ic t e d  to  F . c l a r k i i  s in c e  i t  r e p r e se n ts  th e  
p r in c ip le  com m ercial s p e c ie s .
LITERATURE REVIEW
C raw fish C ultu re  
L ife  H isto ry
The fo llo w in g  b r ie f  d is c u s s io n  o f  a g e n e r a liz e d  l i f e  h is to r y  o f  
cra w fish  i s  based  on s e v e r a l  s tu d ie s  in c lu d in g  th e s p e c ie s  O rconectes  
inmunis (Tack, 1 9 4 1 ) , O rconectes r u s t ic u s  (P r in s , 1 9 6 8 ), O rconectes  
v i r i l i s  (Momot, 1 9 6 7 ), P a c ifa s ta c u s  le n iu s c u lu s  (Abrahamsson and 
Goldman, 1 9 7 0 ), P̂ . a . acu tu s (Penn, 1 9 5 6 ) , P_. c l a r k i i  (Penn, 1943,
1 9 5 6 ), and Procambarus h a y i (Payne, 1 9 7 2 ). The rep o rt o f  M eredith  
and Schwartz (1960) d e a lin g  w ith  cra w fish  b io lo g y  was a ls o  h e lp fu l .  
S p e c i f ic  r e fe r e n c e s  w i l l  n o t be made u n le s s  n ecessa ry  fo r  c l a r i f i c a t i o n .
In d iv id u a l l i f e  h i s t o r i e s  r e f l e c t  th e  same b a s ic  framework. That 
i s ,  eggs are  la id  and a tta ch ed  to  th e  fe m a le 's  abdomen during a 
q u ie sc e n t  p e r io d . The in c u b a tio n  p er io d  i s  tem perature dependent 
ranging from s e v e r a l  weeks to  s e v e r a l  m onths. Development i s  d ir e c t  
and young remain w ith  th e fem ale u n t i l  th e  th ir d  in s t a r .  F o llow in g  
r e l e a s e ,  young m olt c o n tin u o u sly  u n t i l  th ey  reach  m atu rity  u n le s s  
e x te r n a l c o n d it io n s  ( a v a i l a b i l i t y  o f  fo o d , crow ding, d rou gh t, e t c . )  
in h ib i t  grow th. Age a t m atu r ity  i s  a l s o  very  tem perature dependent.
P_. le n iu s c u lu s  may req u ire  3 y ea rs  to  reach m atu rity  in  Oregon and 
W ashington (C oyk en d all, 1 9 7 3 ) , w h ile  P . c l a r k i i  may reach m atu rity  in  
l e s s  than 3 months in  sou th ern  L o u is ia n a , (A vault , e t  a l . , 1974)
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a lth ou gh  th e  p ro cess  ta k es approxim ately  1 2  months fo r  th e  same 
s p e c ie s  in  Japan (Suko, 1 9 5 3 ). At m a tu r ity , th e  male cra w fish  assumes 
secondary se x u a l ch a ra c te rs  in c lu d in g  en larged  c h e la e , c o r n if ie d  
gonopodia, and hooks on th e  coxae o f  th e  f i r s t  and second p a ir s  o f  
w alk in g  le g s  (e x c e p t  in  th e  genus P a c ifa s ta c u s ) . T h is s ta g e  i s  
ap p aren tly  ach iev ed  a f t e r  1 1  or 1 2  m olts and i s  re fe r r e d  to  as 
form I .  Secondary se x u a l ch a ra c te rs  are not r e a d i ly  apparent in  
fe m a le s .
A fte r  th e  cop u la to ry  se a so n , a q u ie sc e n t p er iod  fo l lo w s .  At 
th e  b eg in n in g  o f  th e  n ex t growing se a s o n , mature m ales m olt in to  a 
s e x u a lly  in a c t iv e  s ta g e  resem bling  th e  ju v e n i le  c o n d it io n . T h is  
s ta g e  i s  c a l le d  form I I .  Mid-way through th e  growing se a so n , m ales 
m olt back to  form I and th e  cop u la tory  p er iod  b e g in s  a g a in . Females 
m olt on ly  fo llo w in g  r e le a s e  o f  young and may or may n o t m olt aga in  
b e fo r e  c o p u la t io n .
The q u ie sc e n t  p er io d  i s  a p p aren tly  tem perature dependent, b e in g  
c o n tr o lle d  by therm al maxima and minima. In  n orth ern  s p e c ie s  i t  
c o in c id e s  w ith  w in te r ,  w h ile  in  sou th ern  s p e c ie s  i t  fr e q u e n tly  
c o in c id e s  w ith  summer. As m ight be ex p ecte d , how ever, th ere  i s  
ev id en ce  th a t  some sou th ern  s p e c ie s  accommodate each o th er such th a t  
th e  q u ie sc e n t  p er io d s  are  in  a lt e r n a te  se a so n s . Sheppard (1974) 
found th a t  a_. acu tu s and 1?. c l a r k i i  ap p aren tly  had a summer 
q u ie sc e n t  p er io d  w h ile  O rconectes l a n c i f e r  had a w in ter  q u ie sc e n t  
p er io d  in  th e  same reg io n  in  sou th ern  L ou isian a .
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C ulture
Three American cra w fish  are  c u r r e n tly  b e in g  c u ltu r e d . They are  
0 . immunis in th e  North (Forney, 1958) and jP. c l a r k i i  and P_. a . 
acutus in  th e  South (A v a u lt , 1 9 7 2 ). S p e c ie s  which are com m ercially  
h a rv ested  from w ild  p o p u la tio n s  and, th u s , have c u ltu r e  p o te n t ia l  
in c lu d e  le n iu s c u lu s  in  C a lifo r n ia , Oregon, and W ashington (M ille r  
and Van H yning, 1970; N ic o la , 1 9 7 1 ), <3. v i r i l i s  in  W isconsin  (T hreinen , 
1 9 5 8 ), and 0 .  r u s t lc u s  in  Ohio (Heyman, 1 9 7 1 ). Other s p e c ie s  which  
have been  m entioned fo r  c u ltu r e  are Procambarus a l l e n i  (Hobbs, 1974, 
P e r s . Comm. )^ in  F lo r id a  and P_. h a y i (Payne, 1972) in  M is s is s ip p i .
S in ce  Hobbs (1972) has l i s t e d  over 275 s p e c ie s  o f  North and M iddle 
American cra w fish  occupying l o t i c ,  l e n t i c ,  perm anent, and temporary 
h a b it a t s ,  th e r e  i s  l i t t l e  doubt th a t o th ers  may be cu ltu red  on a 
com m ercially  s ig n i f i c a n t  s c a le .
C u ltu re may be e i th e r  e x te n s iv e  in  outdoor ponds or  in t e n s iv e  
in  e n c lo se d  or se m i-e n c lo se d  f a c i l i t i e s .  I n te n s iv e  c u ltu r e  o f  
c ra w fish es  i s  very  l im ite d  and a t p r e se n t i s  r e s t r ic t e d  to  p rod u ction  
o f la r g e  numbers o f  j u v e n i le  £ .  le n iu s c u lu s , A stacus a s ta c u s , and 
A stacus le p to d a c ty lu s  f o r  s to c k in g  n a tu r a l w aters in  Europe where 
s to c k s  have been  reduced by th e fungus Aphanomyces a s t a c i  (K ossakow ski, 
1966; Abrahamsson, 1972; Westman, 1 9 7 2 ). Spawning i s  a c c e le r a te d  by  
e le v a te d  tem peratures in  c lo s e d ,  r e c ir c u la t in g  sy stem s.
% e r s . Comm., 1 November 1974, H. H. Hobbs, J r . ,  Department o f  
In v e r te b r a te  Z oology , U. S . N a tio n a l Museum, W ashington, D.C.
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In  c o n tr a s t  to  th e la c k  o f  in t e r e s t  in  in t e n s iv e  cra w fish
c u ltu r e ,  e x te n s iv e  cra w fish  c u ltu r e  i s  p r a c t ic e d  in  both  the deep
S ou th , m ainly in  L ou isian a  (Huner and A v a u lt , 1 9 7 4 ), and th e Mid-West
2
and N o r th e a s t, p r in c ip a l ly  Ohio (Momot, 1974, P er s . Comm.) and 
New York (F orney , 1 9 5 8 ). Most northern  c u l t iv a t io n  i s  fo r  f i s h  b a i t  
p rod u ction  and i s  p r a c t ic e d  in  sm a ll ponds l e s s  than 0 .5  ha (Forney, 
1 9 5 8 ). I  have been unable to  o b ta in  d ata  on area  d evoted  to  b a i t  
p rod u ction  in  th e s e  areas b ecau se  th e  f ig u r e s  are n ot a v a i la b le  from  
s t a t e  a g e n c ie s  and due to  th e s e c r e t iv e  nature o f  b a it  d e a le r s .  
However, r e t a i l  p r ic e s  (Appendix A) su g g e st  th a t th e  market i s  not 
sa tu r a te d .
In  c o n tr a s t  to  the l im ite d  area  d evoted  to  n orth ern  cra w fish  
c u ltu r e ,  th e r e  are approxim ately  1 8 ,2 0 0  ha devoted  to  craw fish  
p rod u ction  in  L o u is ia n a . Only o n e -th ir d  o f  t h is  a rea  was devoted  to  
craw fish  c u ltu r e  as l a t e  as 1968 (Gary, 1 9 7 4 ). Most o f  th e  
p rod u ction  from t h is  area  i s  used fo r  human consum ption.
The c u l t iv a t io n  o f  cra w fish  fo r  b a i t  was f i r s t  rep orted  by 
L a n g lo is  (1935) in  h is  d is c u s s io n  o f  t h e ir  p rod u ction  in  co n ju n ctio n  
w ith  p rod u ction  o f  b ass f in g e r l in g s  in  th e  same Ohio h a tch ery  ponds. 
Tack (1 9 4 1 ) , in  h is  l i f e  h is to r y  study  o f  0 .  immunis, noted  th a t  th ey  
cou ld  be produced in  la r g e  numbers in  s u i t a b le ,  in e x p e n s iv e  ponds.
The n ex t m ention  o f  craw fish  c u l t iv a t io n  fo r  b a i t  was made by Forney 
(195 8 ) who l i s t e d  management tech n iq u es fo r  0 . immunis in  New York.
2
P e r s . Comm., 11 A p r il 1974, W. T. Momot, School o f  N atural 
R esou rces, D iv is io n  o f  F is h e r ie s  and W ild l if e  Management, Ohio S ta te  
U n iv e r s ity ,  Columbus, Ohio.
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Crocker and Bar (1968) noted  a sm a ll s c a le  b a i t  c u l t iv a t io n  o p era tio n  
in  O n tario , Canada. F in a l ly ,  W ilkey (1970) provided  g en era lize d  
management procedures s p e c i f i c a l l y  d er iv ed  from h is  ex p er ien ces  in  
b a i t  cra w fish  c u l t iv a t io n  in  M is s is s ip p i .
V iosca  (1961) was ap p aren tly  th e  f i r s t  to  d e sc r ib e  commercial 
c u l t iv a t io n  o f  cra w fish es  fo r  human consum ption. The s p e c ie s  
in v o lv e d  w ere P̂ . a . acu tus and P . c l a r k i i . A pparently th ere  was no 
com m ercial c u l t iv a t io n  in  L ou isian a  u n t i l  th e  l a t e  1 9 5 0 's  due to  ready  
a v a i l a b i l i t y  o f  w ild  cro p s , de la  Bretonne (1970) c h r o n ic le s  th e  
h is to r y  o f  L o u isia n a  cra w fish  c u l t iv a t io n  to  th a t  d a te . Perhaps th e  
most in  depth stud y  o f  th is  s u b je c t  i s  th a t o f  Gary (1 9 7 4 ).
S in ce  a l l  American cra w fish  c u l t iv a t io n  i s  e x te n s iv e  in  n a tu re ,  
i t  i s  n o t s u r p r is in g  th a t  th o se  s p e c ie s  th a t  are  s u c c e s s f u l ly  cu ltu red  
are cra w fish  from l e n t i c  h a b it a t s .  They are a ls o  to le r a n t  o f  p e r io d ic  
dew atering  o f  t h e ir  environm ents. Farmers have cu ltu red  them by 
d u p lic a t in g  th e se  c o n d it io n s . Key c o n s id e r a tio n s  are pond c o n s tr u c t io n ,  
s to c k in g , w ater management, fo o d , h a r v e s t in g , and p red ator c o n tr o l.
These s u b je c ts  are  covered  by Forney (1958) fo r  northern  b a i t  
p rod u ction  w h ile  V iso ca  (1 9 6 1 ) , Broom (1 9 6 3 ) , H i l l  and Cancienne 
(1 9 6 6 ) , and LaCaze (1970) p ro v id e  in  depth in s tr u c t io n s  fo r  e d ib le  
cra w fish  p rod u ction  in  L o u is ia n a . In  a b r ie f  r e p o r t , W ilkey (1970) 
o u t lin e s  methods fo r  b a i t  cra w fish  p rod u ction  in  northern  M is s is s ip p i .
The fo llo w in g  d is c u s s io n  w i l l  in c lu d e  g u id e lin e s  fo r  p roduction  
o f  craw fish  both  fo r  b a i t  and food  b ecau se th e  on ly  r e a l  d i s t in c t io n  
betw een th e  two u ses i s  th e  s i z e  o f  th e  cra w fish .
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N orthern and sou th ern  b a i t  p rod u ction  tak es p la c e  in  sm a ll ponds, 
g e n e r a lly  l e s s  than 0 .5  ha in  s i z e  (Forney, 1958; W ilkey, 1 9 7 0 ).
There are s e v e r a l d i s t i n c t  pond typ es in  L o u isia n a  and th e se  may range 
in  s i z e  from 2 -3  ha to  200 ha . These in c lu d e  r i c e  f i e l d  ponds, open 
ponds, wooded ponds, and marsh ponds. R ice f i e l d  ponds are r ic e  
f i e l d s  th a t are  flo o d ed  during th e  fa l l - w in t e r - s p r in g  growing sea so n . 
D e ta ile d  d is c u s s io n  o f  t h i s  pond type i s  found in  th e  rep o rts  o f  
Thomas (1963) and H i l l  and C ancienne (1 9 6 6 ). Open ponds are c le a r e d  
areas which are surrounded by le v e e s  (LaCaze, 1 9 7 0 ). The wooded pond, 
f i r s t  d escr ib ed  by Broom (1 9 6 3 ) , i s  a wooded area  (swamp or r id g e  
land) which i s  a ls o  surrounded by le v e e s  but i s  not c le a r e d  o th er  
than to  p rov id e a c c e ss  fo r  h a r v e s t in g . The m arsh-type pond i s  
g e n e r a lly  in  th e  v i c i n i t y  o f  th e G ulf o f  M exico and may ex p er ien ce  
s a l i n i t i e s  to  10 p p t. T h eir  c o n s tr u c t io n  and management are  d isc u sse d  
by Perry and LaCaze (1 9 6 9 ) , P erry  e t  a l .  (1 9 7 0 ) , and Perry (1 9 7 1 ).
Of paramount im portance in  c o n s tr u c tin g  any o f th e se  pond typ es i s  
a ssu ran ce th a t  they  can be co m p lete ly  drained  so  th a t  predatory  
f i s h e s  may be e lim in a ted  (LaCaze, 1970 ).
R egard less o f  g eo g ra p h ica l a rea , a d u lt  cra w fish  are  s to ck ed , 
u s u a lly  p r io r  to  th e  q u ie sc e n t  p e r io d , and a ttem p ts are  made to  
m ain ta in  a p erp etu a tin g  p o p u la tio n  w ith in  th e  c u lt iv a te d  a rea . Water 
l e v e l s  are reduced to  s t im u la te  burrowing and e l im in a te  p red acious  
f i s h e s .  Ponds are r e flo o d e d  j u s t  p r io r  to  th e  n ex t growing sea so n . 
A dults w ith  young and su b a d u lts  are f lu sh ed  from t h e ir  burrows.
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Water so u rce  may be su r fa c e  or  su b su rfa ce  but must be o f  good 
q u a lity  (LaCaze, 1 9 7 0 ). Decay o f  annual v e g e ta t io n  I s  a s e r io u s  
problem in  L ou isian a  ponds and c o n tr o l o f  w ater q u a lity  i s  d isc u sse d  
by LaCaze (1970) and A vau lt e t  a l .  (1 9 7 4 ).
Growth o f b a i t  cra w fish  i s  encouraged by a d d it io n  o f  hay and 
f e r t i l i z e r  (F orney, 1 9 5 8 ) , f i s h  o f f a l  (L a n g lo is , 1 9 3 5 ), and v e g e ta b le  
products such as soy  bean meal and c o tto n  seed  cake (W ilkey, 19 7 0 ).
In  L o u is ia n a , f e r t i l i z a t i o n  has n o t been  encouraged nor has 
supplem ental f e e d in g . R ather, growth o f  annual v e g e ta t io n  during  
th e  summer q u ie sc e n t  p er io d  i s  recommended (LaCaze, 1 9 7 0 ). This 
m a te r ia l decomposes when i t  i s  flo o d ed  producing a typ e o f  hay 
in fu s io n  e f f e c t .  LaCaze (1970) a ls o  recommends th e  growth o f  rooted  
a q u a tic  p la n ts  such as sm artweed, Polygonum s p p . ,  w ater p rim rose, 
L udvigia  spp . , and a l l i g a t o r  w eed, A lte m a th e r a  s p . ,a s  food . However, 
th e  stud y  o f  C lark (1973) c a s t s  doubts on th e ir  v a lu e  as food . R ice  
s tu b b le  and regrowth se r v e  th e same fu n c tio n  in  r i c e  f i e l d  ponds as 
annual g r a s se s  in  o th er  pond ty p e s .
B a it  cra w fish  are  u s u a lly  h a rv ested  w ith  s e in e s  (F orney, 1958; 
W ilkey, 1 9 7 0 ), b u t pond s i z e  and d e b r is  p rec lu d e  t h is  tech n iq u e in  
L o u isia n a  where trap s are used e x c lu s iv e ly  ( H i l l  and C ancienne, 1966; 
LaCaze, 1 9 7 0 ). Traps are  co n stru c ted  o f  19 mm ch icken  w ir e  which  
r e ta in s  cra w fish  la r g e r  than 75 mm. The trap s may be co m p lete ly  
submerged or may extend  above th e  su r fa c e  ( H i l l  and C ancienne, 1966; 
LaCaze, 1 9 7 0 ).
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P redaciou s f i s h e s  are  o f te n  encountered  and must be c o n tr o lle d .  
This i s  most o f te n  accom plished  when pond l e v e l s  are reduced a t  the  
b eg in n in g  o f the q u ie sc e n t  p e r io d . Lowered l e v e l s  co n cen tra te  f i s h  
and make p o iso n in g  more e f f e c t i v e  and econom ical (LaCaze, 1 9 7 0 ).
Water from su r fa c e  so u rces  should  be scree n e d . Gary (1974) recogn ized  
problems o f  wading b ird  p red a tio n  on c r a w fish e s . Due to  laws 
p r o h ib it in g  d e s tr u c t io n  o f b ir d s , th e  on ly  methods fo r  c o n tr o l are  
rap id  f lo o d in g , slow  d e-w ater in g  to  perm it burrow ing, and 
encouraging th e  growth o f  roo ted  a q u a tic  v e g e ta t io n  fo r  co v er . These  
a c t i v i t i e s  do not e l im in a te  b ir d s  b u t do le s s e n  t h e ir  im pact. Perry  
(1971) em phasized th a t  crabs must be exclu ded  from b ra ck ish  marsh 
ponds by scree n in g  in ta k e s  and d r a in s .
A number o f s tu d ie s  o f v a r io u s  a sp e c ts  o f  cra w fish  c u ltu r e  have 
been conducted in  th e  F is h e r ie s  S e c t io n ,  S ch oo l o f  F o re str y  and 
W ild l if e  Management, L ou is ian a  S ta te  U n iv e r s ity .  The su b je c ts  have 
in c lu d ed  feed  and f e r t i l i z a t i o n  (Smitherman e t  a l . , 1 9 6 7 ), s a l i n i t y  
to le r a n c e  (Loyacano, 1 9 6 7 ) , e f f e c t s  o f  s o i l  and w ater hardness on 
growth (de la  Bretonne e t  a l . , 1 9 6 9 ), environm ental c o n d it io n s  in  
burrows (Jasp ers and A v a u lt , 1 9 6 9 ) , v e g e ta t io n  and feed  (C lark , 1 9 7 3 ),  
e r r a d ic a t io n  o f  predatory  f i s h e s  (Brown, 1 9 7 3 ), fe e d in g  o f  
a g r ic u ltu r a l  b ip ro d u cts  (G oyert, 1 9 7 5 ), and w ater  q u a lity  and s tu n t in g  
(A vault e t  a l . , 1 9 7 4 ). Perhaps th e  most im portant o f  th e se  s tu d ie s  i s  
th e l a s t  one. No a c tu a l m ention o f  pond cra w fish  p o p u la tio n  dynamics 
in  L ou isian a  had been made p r io r  to  th a t  d a te . The stud y  o f  Thomas 
(1963) was in  r ic e  f i e l d s  w ith o u t an apparent knowledge o f  form I -
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form I I  m ale p o p u la tio n  dynam ics. This c o n s id e r a t io n  i s  o f  grea t  
im portance s in c e  a form I  male c e a se s  to  m olt u n t i l  th e  n ex t growing 
sea so n . The s tu d ie s  o f Hendrick e t  a l .  (1966) and Hyde e t  a l .  (1972) 
were conducted in  0 .1 1  ha exp erim en ta l r i c e  f i e l d  p lo t s  a ls o  ap p aren tly  
w ith o u t knowledge o f  the form I-form  I I  s i t u a t io n .
U n t i l  th e  study  of A vault e t  a l .  (1 9 7 4 ) , th e  o n ly  tru e  
p o p u la tio n  s tu d ie s  o f  P_. c l a r k i i  were th o se  o f  Penn (1 9 4 3 , 1956) and 
Sheppard (1 9 7 4 ) . Penn concluded th a t  rep rod u ction  and recru itm en t  
began in  e a r ly  summer and w ere com plete by m id - f a l l ,  w ith  th e peak 
p er io d  b e in g  la t e  summ er-early f a l l .  M aturity  was reached by mid­
sp r in g  a f t e r  a growing p er io d  o f  5 -6  m onths. S tu d ie s  o f  P̂ . c l a r k i i  
which fo llo w ed  P en n 's papers assumed th a t  h is  d a ta  and co n c lu s io n s  
a p p lie d , and th e  d ata  were in te r p r e te d  based  on h is  framework.
Even though Sheppard (1974) found s ig n i f i c a n t  recru itm en t o f  ]?. 
c l a r k i i  in to  December, sh e reported  peak p er io d  o f  m aturation  to  be  
m id -sp r in g -e a r ly  summer, a g ree in g  w ith  P en n 's f in d in g s  in  th a t  
r e s p e c t .  However, Penn's (1943) b a s ic  l i f e  h is to r y  stu d y  o f  I?. 
c l a r k i i  and th a t  o f  Sheppard (1974) were conducted in  h a b ita ts  th a t  
were n o t c o n tin u o u sly  flo o d ed  from e a r ly  f a l l  to  l a t e  sp r in g  as i s  
th e c a se  o f  a c u lt iv a te d  pond. Water l e v e l s  f lu c tu a te d  accord in g  to  
th e v a g a r ie s  o f  lo c a l  p r e c ip it a t io n  or r iv e r  o v er flo w . Penn and 
Sheppard a ls o  f a i l e d  to  sample a d u lt  cra w fish  a d eq u ate ly  e a r ly  in  
th e growing sea so n  becau se they c o l le c t e d  during th e  day w ith  n e t s .  
N o ctu rn a lly  a c t iv e  a d u lts  w ere , th en , p o o r ly  rep resen ted  in  t h e ir  
c a tc h e s .
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The two key p o in ts  observed by A vault e t  a l .  (1974) w ere th a t  
P_. c l a r k i i  cou ld  a ch iev e  m atu rity  a t  com m ercially  u n accep tab le  
s i z e s  (55 -75  mm) in  l e s s  than 3 months in  ponds and th a t s ig n i f ic a n t
recru itm en t cou ld  occur in to  m id -w in ter . These areas were la r g e ly
1
ig n o r e d , m is in te r p r e te d , or n ot observed  by p rev io u s  w orkers.
C raw fish M olting  
Molt S ta g in g
C raw fish, as w e l l  as a l l  arth ro p o d s, must p e r io d ic a l ly  shed  
t h e ir  e x o sk e le to n s  in  order to  grew. T h is p r o cess  i s  c a l le d  m olting  
o r  e c d y s is .  I t  proceeds in  a number o f  ordered and w e l l  d efin ed  
s ta g e s  in  a continuum form one m olt to  the n e x t . I d e n t i f ic a t io n  o f  
s p e c i f i c  m olt s t a g e s ,  knowledge o f  t h e ir  approxim ate d u r a tio n , and 
p r e d ic t io n  o f  im pending m olt are im portant c o n s id e r a t io n s  in  
p h y s io lo g ic a l  and l i f e  h is to r y  s tu d ie s  o f  any cru sta cea n . C raw fish  
are no e x c e p t io n .
Passano (1960) c r e d i t s  Drach (1939) as b e in g  th e f i r s t  to  
c h r o n ic le  and id e n t i f y  the va r io u s s ta g e s  o f  the decapod m oltin g  c y c le  
w herein  obvious e x te r n a l changes cou ld  be c o r r e la te d  w ith  in te r n a l  
changes such as s e c r e t io n  o f  a new c u t i c l e ,  harden ing o f the p ostm olt  
c u t i c l e ,  e t c .  H is f i v e  s ta g e s  in c lu d ed  newly m olted (s ta g e  A ), paper 
s h e l l  ( s ta g e  B ) , hard (s ta g e  C), p r o e c d y s is  ( s ta g e  D ), and e c d y s is  
( s ta g e  E ) . Each s ta g e  was fu r th e r  broken down in to  ap p rop ria te  
su b sta g e s  w ith  th e e x c e p tio n  o f  s ta g e  E. These s ta g e s  and su b sta g es
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were then commonly ap p ortion ed  among four d iv i s io n s  in c lu d in g  m olt  
(E ) , p o stm o lt (A i, A2 ; B i ,  B2 ; C l, C2 , C3 ) , in te r m o lt  (C ^), and 
prem olt (D i, , D3  , T>2 , D3 , D4 ) (P assano , 1960; M obberly, 1 9 6 3 ).
A iken (1968) found f a u lt  w ith  th e  f a i lu r e  o f  e a r l i e r  workers 
in  n o t d i f f e r e n t ia t in g  the a c tu a l m olt (E) in t o  d i s t i n c t  s u b s ta g e s .
He n oted  fou r  su b sta g es  b ased  on deaths o f  0_. v i r i l i s  a t  c le a r ly  
d e f in a b le  p er io d s  during th e  m olt. These in c lu d ed ; -  the  
thoraco-abdom inal in t e r t e r g a l  membrane i s  d is ten d ed  and th e p o s te r io r  
margin o f  the carapace i s  s l i g h t l y  e le v a te d ;  E2  -  the carapace i s  
thrown forw ard, and the c e p h a lic  s tr u c tu r e s  a re  withdrawn; E3  -■ th e  
abdomen and r e la te d  components are withdrawn; and E  ̂ -  th e c h e lip e d s  
and w alk ing  le g s  are withdrawn.
Drach and T c h e r n ig o v tz e ff  (1967) id e n t i f i e d  an i n i t i a l  prem olt 
su b sta g e  in  cru sta cea n s  (DQ) . This su b s ta g e , not c l e a r ly  d e fin ed  
b e fo r e  by e x te r n a l means, i s  a t r a n s it io n  betw een in te r m o lt  (C) to
I
f u l l  prem olt (D- ,̂ e t c . ) .  C r ite r ia  fo r  i t s  id e n t i f i c a t io n  in  
cra w fish  are p resen ted  by S teven son  (1 9 7 2 a ). A iken (1973) d escr ib ed  
D0  in  th e lo b s t e r ,  Homarus am ericanus, and q u estio n ed  w hether or not 
i t  was a tru e  p rem olt s ta g e .  He based h is  c o n c lu s io n  on o b serv a tio n s  
o f developm ental p la te a u s  a t  t h is  su b sta g e  from th e l i t e r a t u r e  and 
from h is  own d a ta . T his p la te a u  resp on se was a ls o  observed by Rao 
e t  a l .  (1972) in  t h e ir  stud y  o f  the m olt c y c le  o f  th e  c ra w fish , 
F a x o n ella  c ly p e a tu s . I f  prem olt i s  to  be co n sid ered  an a l l -o r -n o n e  
resp on se in  th e  s e n se  o f  Passano (1 9 6 0 ), then  A iken’ s  arguments may be  
v a l id .
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S teven son  e t  a l .  (1968) noted  c o n c ise  e x te r n a l changes fo r  va r io u s  
su b sta g es  o f  prem olt (D) in  O rconectes sa n b o rn i. S tevenson  (1968) 
rep orted  e x te r n a l c h a r a c t e r is t ic s  by which su b sta g e s  A, B, and C 
cou ld  be id e n t i f i e d  in  0 . sanborn i w ith  th e  e x c e p tio n  o f  changes 
from su b sta g e  C3  to  su b sta g e  which he found req u ired  s e c t io n in g  
to  d i f f e r e n t i a t e .  S teven son  and Henry (1971) d escr ib ed  a method fo r
1 i * i
o b serv in g  su b sta g e s  in  O rconectes obscurus in  v iv o  by
exam ining th e  uropods and t e ls o n  fo r  form ation  o f  new s e ta e  under 
100X m a g n if ic a t io n . F urther refinem en t o f  t h is  tech n iq u e p erm itted  
id e n t i f i c a t io n  o f su b sta g e  DQ' (S tev en so n , 1972a).
S te v e n so n 's  re p o r t (1972b) i s  a com prehensive method fo r  
e x te r n a l m olt s ta g in g  in  cra w fish  o f  th e  genus O rcon ectes. This  
same method was employed by E lzen  and Kamm (1974) to  m olt st^age 
P_. c l a r k i i  in  a stu d y  o'f c y c l in g  hemolymph DNA c o n cen tra tio n s  during  
th e m olt c y c le .  S tev en so n 's  d e s c r ip t io n  o f the va r io u s m olt s ta g e s  
and su b sta g es  i s  found in  Appendix B . . I  have in c lu d ed  i t  because  
i t  i s  th e m olt s ta g in g  method th a t I  employed in  t h is  stu d y . P ostm olt 
su b sta g es  (A^-C3 ) are id e n t i f i e d  on th e  b a s is  o f  f l e x i b i l i t y  o f  the  
carapace r e l a t iv e  to  p rev io u s su b s ta g e s . E arly  prem olt su b sta g es  
(D o -D ]/')  are id e n t i f i e d  on the b a s is  o f the form ation  o f  new s e ta e  
in  the uropods and te ls o n  observed  m ic r o sc o p ic a lly .  Later su b sta g es  
(D2 -D 4 ) are id e n t i f i e d  accord in g  to  form ation  o f  new c u t ic l e  and 
r e so r p tio n  o f  the o ld  c u t i c l e .
Heyman (1971) p resen ted  a s im p lif ie d  scheme fo r  th e m olt s ta g e s  
o f  0 . r u s t ic u s .  I t  would be o f  in t e r e s t  to  a worker who d id  not
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care to  c a r e fu l ly  se g r e g a te  su b sta g es  p r e c i s e ly .
Passano (1960) provided  ta b le s  th a t  in d ic a te d ,  in  g en era l term s, 
th e  r e l a t iv e  d u ra tion  o f th e  v a r io u s  m olt s ta g e s  and su b s ta g e s .
These ta b le s  are o f  o n ly  approxim ate v a lu e . A ctu a l d u ra tion  o f  s ta g e s  
depends on a number o f  f a c t o r s .  Aiken (1 9 7 3 ) , as rep orted  above, 
found th a t  m o ltin g  cou ld  be in d e f in i t e ly  postponed in  lo b s te r s  i f  
th e p ro cess  had n o t p rog ressed  beyond su b sta g e  DQ. Rao e t  a l .  (1972) 
found th a t su b sta g e  DQ cou ld  occupy 50-70% o f th e  e n t ir e  m olt c y c le  
in  F.. c ly p e a tu s . R apidly growing cru sta cea n s ap p aren tly  have e i th e r  
no tr u e  in te r m o lt  s ta g e  (C^) or  i t s  im portance i s  reduced ( C a r l i s l e ,  
1975, P e r s . Comm.)^. The d u ra tio n  c f  v a r io u s  m olt s ta g e s  and 
su b sta g es  o f  the genus O rconectes have been  thorough ly  s tu d ied  by 
Stevenson  and coworkers ( s e e  v a r io u s  r e fe r e n c e s  above) and T ravis  
(1 9 6 5 ).
Huxley (1880) noted  th a t A stacus s p . ,  a few hours b e fo r e  m o lt , 
would rub i t s  lim bs to g e th e r  w ith o u t changing p la c e ,  bend i t s  t a i l ,  
and s t r e t c h  i t  ou t a g a in , and a t  th e  same tim e v ib r a te  i t s  antennae. 
C h id ester  (1912) found th a t  Cambarus b a r to n i would move in to  sh a llo w  
w aters s e v e r a l days b e fo r e  m o lt in g , exp osin g  i t s  carapace to  th e a ir  
and dry in g  i t  co m p le te ly . Penn (1943) could  p r e d ic t  m olt in  ]?• c l a r k i i  
1 to  3 days in  advance, by th e  appaarance o f  a w h ite  "w aist"  betw een  
th e cep h a lo th o ra x  and abdomen.
4 e r s .  Comm., 15 January 1975 , D. B. C a r l i s l e ,  Department o f  th e  
Environm ent, Ottawa, K1A 0E7, O n tario , Canada.
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McWhinnie (1962) used x -r a y  to  examine form ation  o f  g a s t r o l i th s  
during th e  cou rse  o f  p rem olt in  0 .  v i r i l i s . G a s tr o lith s  are p lano­
convex d isk s  found on each s id e  o f  th e  fo r e g u t  and are s i t e s  o f  
CaCC>3 s to r a g e  during p rem olt. They are u n c a lc i f ie d  in  a l l  o th er  
s ta g e s  o f  th e  m olt c y c le  and do n ot show up on x -r a y . McWhinnie 
cou ld  p r e d ic t  m o lt on th e  b a s is  o f  a  g a s t r o l i th - to - c a r a p a c e  in d ex .
The in d ex  i s  the r a t io  o f  th e  le n g th  o f  th e  g a s t r o l i t h  in  m illim e te r s  
to  th e  le n g th  o f  th e  carapace in  m il l im e te r s .  S teven son  e t  a l .  (1968) 
used r eg e n e ra tin g  limb bud in d ex  (R) to  stu d y  m olt s ta g e s  and d u ration  
in  c ra w fish . R eq u a ls  100 tim es th e  le n g th  o f  th e  reg e n e ra tin g  limb 
bud d iv id e d  by the carapace le n g th , both  in  m il l im e te r s .  They found  
poor c o r r e la t io n  betw een tim e to  m olt from th e R index  and tim e to  
m olt based  on m icro sco p ic  exam ination  o f  d ev e lo p in g  s e ta e  in  t e ls o n  
and uropods. Rao e t  a l .  (1972) c o r r e la te d  s e to g e n e s is  w ith  g a s t r o l i t h -  
to -ca ra p a ce  in d ex  to  p r e d ic t  tim e to  m olt in  prem olt _F. c ly p e a tu s .
S h e l l  C a lc i f i c a t io n  and Hardening
The in te r m o lt  cru sta cea n  c u t i c l e  c o n s is t s  o f  fo u r , d i s t in c t  non­
l i v in g  la y e r s  s e c r e te d  by th e u n d erly in g  ep id erm is . The fo llo w in g  
d is c u s s io n  i s  based  on papers by R ichards (1 9 5 1 ) , Dennel (1 9 6 0 ) ,
T rav is  (1 9 6 0 , 1963, 1 9 6 5 ), and W elinder (1 9 7 4 ) . The four la y e r s  o f  
th e  c u t i c l e  are th e  e p i c u t i c l e ,  th e  e x o c u t ic le ,  and th e  e n d o c u t ic le ,  
and th e membranous la y e r ,  in  th e order th a t  th ey  occur from the  
su r fa c e  to  th e ep id erm is. A ll  la y e r s  e x c e p t  th e  e p ic u t i c l e  are  
lam in ated . The e n d o c u t ic le  c o n s t i t u t e s  th e  p r in c ip le  la y e r  w ith
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regard to  th ic k n e s s .  The e p ic u t i c l e  i s  p r im a r ily  p ro te in a ce o u s  
w h ile  the o th er  th ree  la y e r s  c o n s is t  o f  a p r o t e in - c h i t in  m ix tu re .
The e x o c u t ic le  and e n d o c u tic le  d i f f e r  from th e  o th er  la y e r s  by 
b ein g  im pregnated w ith  ca lcium  s a l t s ,  p r im a r ily  c a l c i t e  (CaCO^). 
In term o lt ca lcium  l e v e l s  are  r e l a t iv e l y  co n sta n t but magnesium, a 
minor component ( l e s s  than 2 % by w e ig h t ) ,  in c r e a se s  w ith  age.
The c u t ic u la r  p r o te in  may be d iv id ed  in t o  a w a te r -s o lu b le  
f r a c t io n ,  c a l le d  a rth ro p o d in , and a w a te r - in s o lu b le  f r a c t io n ,  c a l le d  
s c l e r o t in .  C h it in  i s  o f  th e  a lpha c o n f ig u r a t io n . Hardening i s  th e  
r e s u l t  o f  th e  d e p o s it io n  o f  calcium  s a l t s  and a tan n in g  due to  
in t e r a c t io n  betw een  quinones and p r o te in s .  A d ih y d ro x y -p h en o l, 
ap p aren tly  formed in  th e  b lo o d , p a sse s  in t o  th e  c u t i c l e  w here, a f t e r  
d eam in ation , i t  i s  o x id iz e d  to  th e  correspond ing quinone and e x e r ts  a 
tann ing e f f e c t  by combining w ith  th e  fr e e  amino a c id  groups o f  
c u t ic u la r  p r o te in s .  Poor n u tr it io n  can a d v e r s ly  a f f e c t  c u t i c l e  
th ic k n e s s .
T ravis (1 9 6 0 , 1963, 1965) d is c u s s e s  th e  h is t o lo g y  o f  th e  b ra n ch ia l 
e x o sk e le to n  o f  a d u lt male 0 . v i r i l i s  during th e m olt c y c le .  D e p o s it io n  
o f th e  e p ic u t i c l e  b e g in s  midway through p rem olt (D2 ) and i s  com pleted  
fo llo w in g  th e  m olt by a d d it io n  o f  m a te r ia ls  during s ta g e  B. I t  i s  
n ot c a l c i f i e d  and i s  ap p aren tly  hardened by quinones a n d /o r  d is u l f id e  
c r o ss  l in k in g  o f  the p r o te in  l i p i d  com plex. Maximum th ic k n e s s  i s  7 ,u .
S y n th e s is  o f th e e x o c u t ic le  a ls o  b eg in s  during m id-prem olt (D2 ) 
and l i k e  the e p ic u t i c l e ,  i t  i s  com pleted fo llo w in g  th e  m olt during
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s ta g e  B. Maximum th ic k n e ss  i s  58 * i. The e x o c u t ic le  i s  hardened both  
by qu inones and d e p o s it io n  o f  ca lc iu m  s a l t s .  Tanning p receed s  
c a l c i f i c a t i o n  which b eg in s  two days a f t e r  m olt in  s ta g e  B. Both 
p r o c e s se s  are  com pleted by th e  end o f  s ta g e  B.
The e n d o c u t ic le  i s  p o s t -e x u v ia l  in  o r ig in  and i s  i n i t i a t e d  a t  
th e  b eg in n in g  o f  s ta g e  B. Maximum th ic k n e ss  i s  160 ja.  C a lc i f i c a t io n  
and s y n th e s is  o f  th e  o rg a n ic  m atr ix  are sim u ltan eou s p r o c e sse s  and 
are com pleted by th e  end o f su b sta c e  C3 . Hardening in  t h is  la y e r  i s  
due e x c lu s iv e ly  to  c a l c i f i c a t i o n .
The membranous la y e r  i s  th e  f i n a l ,  in n er-m ost la y e r  to  be 
e la b o r a te d . I t s  maximum th ic k n e ss  i s  10 ;u. E la b o ra tio n  b eg in s  during  
su b sta g e  C3  and i s  com pleted during su b sta g e  C^. I t  i s  n o t hardened  
and i s  u n c a lc i f ie d .
S tu d ie s  o f  T ravis (1 9 6 0 , 1963, 1 9 6 5 ), T ravis and F rib erg  (1 9 6 3 ) , 
S teven son  (1 9 6 9 ) , and W elinder (1974) sh ou ld  be c o n su lted  fo r  fu r th e r  
in fo rm a tio n  concern ing  th e  p ro te in a ceo u s  components o f  th e  cra w fish  
e x o s k e le to n , in c lu d in g  amino a c id  com p osition  and c o n f ig u r a t io n s .  
S teven son  and Adomako (1967) d is c u s se d  changing a c t i v i t y  and 
lo c a l i z a t i o n  o f  d ip h en o l o x id a se  in  craw fish  c u t i c l e  during th e m olt 
c y c le .
C h itin  s y n th e s is  and break  down have been  d isc u sse d  and s tu d ie d  
in  cra w fish  s im u lta n eo u s ly  by S teven son  and s tu d e n ts  in  Ohio and 
U rich  and c o l le a g u e s  in  B e r l in . Both groups fo llo w ed  in co r p o r a tio n  
o f  l * c  g lu c o se  and ^ C -N -a ce ty lg lu co sa m in e  in to  c h i t in  during prem olt 
and p o stm o lt c h i t in  s y n th e s is .  They found th a t  l i t t l e  g lu c o se  was
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In corp orated  in to  c h i t in  u n t i l  p o stm o lt c u t i c l e  s y n th e s is  began. 
C o n v erse ly , a g r e a t d ea l o f  N -a cety lg lu co sa m in e  from th e o ld  c u t i c l e  
was reabsorbed  during p o stm o lt and re in co rp o ra ted  in to  c h i t in  o f  
th e newly d ev e lo p in g  c u t i c l e .  S te v e n so n 's  group worked w ith  0 . 
obscurus (Homung and S tev en so n , 1971; Gwinn and S tev en so n , 1973a, 
1973b ). U r ic h 's  group worked w ith  O rconectes lim osu s (Speck e t  a l . , 
1972; Speck and U r ic h , 1972; Herz-Hubner and U r ich , 1973 ).
A ll  components o f th e  cra w fish  c u t i c l e  are im portant in  
producing th e u lt im a te  s tr u c tu r e  and hardness o f  th e  in term o lt  
c u t i c l e .  However, in  view  o f the f a c t s  th a t th e  b ra n ch ia l endo­
c u t i c l e  c o n s t i t u t e s  more than 70% o f th e carapace c u t i c l e  and i s  
hardened e x c lu s iv e ly  by c a l c i f i c a t i o n  (T r a v is , 1 9 6 5 ) , I have chosen  
t o  em phasize c a l c i f i c a t i o n  and so u rces  o f  ca lc iu m  in  t h is  rev iew . 
S h e ll  hardness i s  n o t o n ly  a p r in c ip le  c r i t e r io n  fo r  th e accep tan ce  
o f  cra w fish  in  th e b a it  trad e  (Heyman, 1975, P e r s . Comm.)"*'; i t  i s  
a ls o  a c r i t i c a l  l im it in g  fa c to r  in  cra w fish  d is t r ib u t io n  
(C h a isem artin , 1962; Greenaway, 1974a).
Sou rces and m etabolism  o f  ca lc iu m  fo r  c a l c i f i c a t i o n  in  cra w fish  
have been  s tu d ie d  by s e v e r a l r e se a r c h e r s . Calcium  ap p aren tly  a r is e s  
from one or a com bination  o f th r e e  so u rces  in c lu d in g  s to r e d  body 
ca lc iu m  (bound to  b lood  p r o te in s ,  s to r e d  in  th e  h ep atop an creas, or 
s to r e d  in  g a s t r o l i t h s ) ,  calcium  io n s  in  s o lu t io n ,  and calcium  s a l t s  
ob ta in ed  from fo o d . Maluf (1 9 4 0 ) , s tu d y in g  P̂ . c l a r k i i , f e l t  th a t
^ P ers. Comm., 7 January 1975, J . J . Heyman, C ra y fish  S c ie n c e s ,  
In co rp o ra ted , Columbus, Ohio.
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g a s t r o l i t h s  w ere o f  l i t t l e  v a lu e  in  c a l c i f i c a t i o n  and th a t ca lc iu m  
io n s were absorbed from th e  environm ent. However, R obertson (1941) 
concluded th a t  g a s t r o l i t h s  w ere ap p aren tly  u t i l i z e d  as a sou rce  o f  
ca lciu m  fo r  the new e x o sk e le to n  in  A stacus s p . ,  but th ey  were not 
th e s o le  sou rce as ca lcium  io n s  w ere r e a d i ly  absorbed from th e  w ater . 
Ryhanen (1962) f e l t  th a t th e  g a s t r o l i t h s  serv ed  th e  fu n c t io n  o f  
i n i t i a l  hardner fo r  th e  mouth p a r ts  to  p erm it A. a s ta cu s  to  feed  and 
thereby o b ta in  ca lc iu m  from i t s  food s in c e  i t s  a q u a tic  h a b ita t  in  
F inland was one w ith  a p a u c ity  o f  ca lciu m  io n s  ( l e s s  than 10 ppm). 
Joh n son 's stud y  (1962) w ith  Cambarus lo n g u lu s  echoes Ryhanen's 
f in d in g s .  She found th a t  c a l c i f i c a t i o n  in c r e a se d  fo r  two days 
fo llo w in g  m olt and th a t  t h is  c a l c i f i c a t i o n  corresponded w ith  
d isappearance o f  th e  g a s t r o l i t h s .  However, fo llo w in g  t h i s  p er iod  
th e p resen ce  o f d is s o lv e d  calcium  in  th e  surrounding medium d id  not 
in c r e a se  th e  uptake o f  ca lc iu m . C raw fish  w hich were fed  and th o se  
a llow ed  to  spend most o f  t h e ir  p ostm olt tim e in  a stream  d id  show 
an in c r e a s e  in  p ercen t ca lcium  when compared to  la b o ra to ry  c o n tr o ls .  
But McWhinnie (1 9 6 2 ) , s tu d y in g  CK v i r i l i s , noted  a f a l l  in  b lood  
ca lciu m  to  subnormal l e v e l s  in  e a r ly  p o stm o lt w hich she f e l t  was 
a s s o c ia te d  w ith  a t r a n s it io n  to  a b so rp tio n  o f  environm ental calcium  
which would account fo r  rap id  c a l c i f i c a t i o n  fo llo w in g  th e m olt.
She found th a t  measurements o f  environm ental ca lc iu m  dem onstrated  
th a t a p o p u la tio n  o f  cra w fish  s tu d ie d  betw een two normal m olting  
sea so n s  underwent a co n sta n t change in  ca lc iu m  uptake and r e le a s e .
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Schurr and Stamper (1962) p o s tu la te d  a m athem atical model fo r  ca lc iu m  
and stro n tiu m  accum ulation  in  JC. lo n g u lu s  and noted  rapid  uptake o f  
marked io n s  and rap id  d e p o s it io n  o f  th o se  io n s  in  th e  e x o sk e le to n  
(w ith in  one to  two d a y s ) . These io n s  remained im m obile u n t i l  two to  
fo u r  days p r io r  to  th e  n ex t m olt when some w ere r e d is tr ib u te d  to  th e  
g a s t r o l i t h s  p r io r  to  r e u se . The stu d y  o f  Cahoon and McWhinnie (1963) 
found th a t C a ^  was r e a d ily  absorbed and d e p o s ite d  in  th e  e x o sk e le to n  
o f p ostm olt 0 . v i r i l i s . M iyazaki and Jozuka (1964) s tu d y in g  1?. 
c l a r k i i  o b ta in ed  e s s e n t i a l l y  th e  same r e s u lt s  as Cahoon and McWhinnie. 
The stu d y  o f  S c o t t  and Duncan (1967) noted  th a t  g a s t r o l i t h s  provided  
a r e a d i ly  a v a ila b le  s to r e  o f  ca lcium  fo r  rap id  i n i t i a l  hardening  
o f  th e e x o sk e le to n  o f  p o stm o lt IP. c l a r k i i . Dean (1968) observed  
th a t  ca lc iu m  s to r e d  in  cra w fish  g a s t r o l i t h s  was ob ta in ed  from both  
th e  o ld  e x o sk e le to n  and th e  environm ent by a b so r p tio n .
C haisem artin  s tu d ie d  c a l c i f i c a t i o n  o f  th e  cra w fish  A ustropo- 
tamobius p a l l ip e s  in  a s e r ie s  o f  papers from 1961-1968 . Greenaway 
a ls o  s tu d ie d  th e  same s u b je c t  and s p e c ie s  in  a s e r i e s  o f  papers from  
1972-1974 . C haisem artin  (1962) p resen ted  perhaps th e  most com plete  
stud y  o f  c a l c i f i c a t i o n  o f  th e  e n t ir e  in tegum ent o f  a cra w fish  
in c lu d in g  th e  fa c to r s  o f  s e x ,  le n g th , and m olt s ta g e .  The su b je c t  
o f  c a l c i f i c a t i o n  as a fu n c t io n  o f  m olt s ta g e  was tr e a te d  sp a r in g ly  
by T ra v is  (1 9 6 0 , 1963 , 1965) and T rav is  and F rib erg  (1963) in  a d u lt  
male (). v i r i l i s . C haisem artin  (1964) concluded th a t  th e  p r in c ip le  
so u rce  o f  ca lc iu m  fo r  s h e l l  hardening was io n ic  ca lciu m  in  th e  w a ter .
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N e ith e r  th e  g a s t r o l i t h s  nor th e  hepatopancreas served  as s t o r e s  o f  
s ig n i f i c a n t  amounts o f ca lc iu m . He f e l t  th a t  g a s t r o l i t h  ca lc iu m  
m aintained  body io n ic  b a la n ce  during and fo llo w in g  m olt augmented 
by h ep a to p a n c rea tic  ca lc iu m . Both C haisem artin  (1965b) and Greenaway 
(1972) agreed  th a t th e  g i l l s  w ere th e  p r in c ip le  means fo r  ca lcium  
tra n sp o r t in to  and out o f  th e  aqueous medium; how ever, th ey  d isa g reed  
as to  th e  a c t iv e  or  p a s s iv e  n atu re  o f  th e p r o c e s s . C haisem artin  
(1 9 6 6 , 1968) has argued th a t  th e  e l e c t r i c a l  p o t e n t ia l  d i f f e r e n c e  
a c r o ss  th e  g i l l s  p erm itted  p a s s iv e  p a ssa g e  o f  ca lc iu m  a cro ss  th e  
g i l l s .  Greenaway (1 9 7 2 , 1974c) contended th a t  in f lu x  o f  ca lc iu m  was 
an a c t iv e  p ro cess  e n t a i l in g  energy e x p e n d itu r e s . C haisem artin  used  
g i l l s  sep a ra ted  from th e  in t a c t  cra w fish  to  make h is  d e term in a tio n s;  
Greenaway s tu d ie d  in t a c t  c r a w fish . Both men dem onstrated a low turn­
over o f  body ca lciu m  during in te r m o lt  w hich cou ld  be n e g a t iv e  
e s p e c ia l ly  when th e  cra w fish  w ere p la ced  in  d e io n iz e d  w aters  
(C h aisem artin , 1965a; Bernard and C haisem artin , 1965; Greenaway, 19 7 2 ). 
They d i f f e r e d  in  one r e sp e c t  in  th a t Bernard and C haisem artin  (1965) 
rep orted  th a t a lo s s  o f  1 0 % t o t a l  body ca lc iu m  was ir r e v e r s ib le  and 
le d  to  d eath . Greenaway (1972) found such cra w fish  to  be v ia b le  
and sp e c u la te d  th a t  th e e x o sk e le to n  served  as an adequate r e s e r v o ir  
to  r e p la c e  l o s t  ca lc iu m . This sh ou ld  n ot be s u r p r is in g  in  th a t  
Maluf (1940) m olted  s e v e r a l  IP. c l a r k i i  in  d i s t i l l e d  w ater and 
m ainta ined  them about two months u n t i l  they  d ie d , ap p a ren tly  from  
s ta r v a t io n .
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Calcium b a lan ce  during th e  m olt c y c le ,  w ith  em phasis on 
v a r ia t io n s  in  hemolymph l e v e l s ,  prem olt e f f l u x ,  and p ostm olt in f lu x ,  
were tr e a te d  thorough ly  by Greenaway (1974a , 1974b, 1 9 7 4 c ). Hemolymph 
ca lc iu m  c o n c e n tr a tio n s  v a r ie d  from in te r m o lt  v a lu e s  o f  1 1 .8  m M /liter  
to  15 .0  m M /liter  during p rem o lt. A s im ila r  p a tte r n  was rep orted  by 
Souri and C haisem artin  (1 9 6 1 ) . Maximum e f f lu x  during prem olt was 
0 .8 3  juM/g/hr a t  D^. Net in f lu x  began im m ediately  a f t e r  m olt (15-30  
m in u tes) and reached a maximum l e v e l  (2 / i  M /g/hr a t  10°C) m ainta ined  
throughout s ta g e s  A and B.
Smitherman e t  a l .  (1967) s tu d ie d  th e  e f f e c t s  o f w ater hardness  
and supp lem enta l fe e d in g  on growth o f  P_. c l a r k i i  in  p o o ls .  They 
ob ta in ed  ex trem ely  poor s u r v iv a l  w ith  cra w fish  th a t were m aintained  
in  s o f t -w a te r s  (approxim ately  8  ppm ca lciu m ) d e s p ite  th e fa c t  th a t  
they  w ere fe d . de la  Bretonne e t  a l .  (1969) noted  th a t  £ .  c l a r k i i  
m aintained  in  s o f t  w ater (approxim ately  5 ppm calcium ) had poor 
s u r v iv a l and " so ft"  e x o s k e le to n s . Those m aintained  a t  50 ppm 
calcium  had b e t t e r  growth and s u r v iv a l .  Greenaway (1974c) rep orted  
th a t  th e  ca lc iu m  uptake mechanism o f A. p a l l ip e s  was sa tu r a ted  a t  
16 ppm and h a lf  sa tu r a te d  a t  5 .2  ppm. Uptake was reduced in  th e  
ab sen ce o f  e x te r n a l HCO3  io n s .  He sp e c u la te d  th a t 5 ppm m ight be a 
th resh o ld  l e v e l ,  a t  l e a s t  in  p o p u la tio n s  not adapted to  low er l e v e l s .
From th e  d is c u s s io n  p resen ted  above i t  would appear th a t much 
o f the in te r m o lt  ca lciu m  i s  l o s t  during and j u s t  b e fo r e  m o lt. That 
w hich i s  s to r e d  (b lo o d , g a s t r o l i t h s ,  h ep atop ancreas) se r v e s  to  
p ro v id e  th e ca lcium  io n  req u ired  to  f a c i l i t a t e  i n i t i a l  hardening and
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m ain ta in  io n ic  in t e g r i t y  o f th e  m olt and im m ediate p ostm olt hemolymph. 
Environm ental ca lc iu m  s e r v e s  as p r in c ip le  sou rce  o f ca lciu m  where 
s a t i s f a c t o r y  l e v e l s  are  p r e s e n t . In  areas where calcium  io n  i s  
d e f ic ie n t  ( l e s s  than 5 ppm) , food  a p p a ren tly  does not com pensate fo r  
th e absence o f ca lcium  io n ,  in  most p o p u la tio n s .
C ontrol
I n te r e s t  in  th e  c o n tr o l o f  m o ltin g  in  cru sta cea n s i s  w idespread , 
and Skinner and Graham (1970) noted  s e v e r a l  reasons why th e  study  o f  
i t s  c o n tr o l i s  im portant: ( 1 ) i t  p ro v id es  in fo rm a tio n  on th e  study
o f m o ltin g  ( 2 ) i t  f a c i l i t a t e s  th e  stud y  o f  growth and reg e n e ra tio n ;  
and (3 ) i t  has p o t e n t ia l  econom ic im portance. C rustacean m oltin g  i s  
c le a r ly  under en d ocrin e c o n tr o l  w ith  environm ental m o d if ic a tio n  
(Knowles and C a r l i s l e ,  1956; P assan o , 1960; N ovales e t  a l . , 19 7 3 ).
The cru sta cea n  en d ocrine system  a p p a ren tly  c o n s is t s  o f  p o ly p ep tid e  
n e u r o se c r e tio n s  and s t e r o id  s e c r e t io n s  from o u ts id e  th e  nervous  
system  (P assan o , 1960; N orva les e t  a l . , 1 9 7 3 ). There i s  ev id en ce  
th a t th e  s o - c a l l e d  " ju v e n i le  hormones" w hich c o n tr o l ju v e n ile -a d u lt  
metam orphosis in  in s e c t s  may be p r e se n t  in  cru sta cea n s (Schneiderman  
and G ilb e r t ,  1958; Gomez e t  a l . ,  1973; Ramenofsky e t  a l . ,  1 9 7 4 ).
Sources o f  n e u r o se c r e tio n s  in c lu d e  n eu ro secre to ry  c e l l s  o f  the  
th ree  e y e s ta lk  g a n g l ia ,  th e  m edulla e x te r n a , th e  m edulla in te r n a ,  
and th e m edulla t e r m in a l is .  S p e c ia l iz e d  c e l l s  in  th e  m edulla  
te r m in a lis  are  c a l le d  th e  X organ and are  im portant in  producing m olt  
in h ib i t in g  horm one(s). A l l  s e c r e t io n s  are  s to r e d  in  a s in u s  "gland"
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w hich appears to  be a s to r a g e  compartment ra th er  than a tru e  
s e c r e to r y  g lan d . Other so u rces  o f  n eu ro secre to ry  m a te r ia ls  in c lu d e  
th e  supraesophageal g a n g lia ,  c ircum esophageal c o n n e c t iv e s , and c e l l s  
o f  the v e n tr a l g a n g lio n ic  ch a in .
S te r o id  s e c r e t io n s  are  a s s o c ia te d  w ith  th e  gonads and th e  s o -  
c a l le d  Y organs o f th e  m a x illa r y  and a n ten n a l segm ents. The Y organs 
have been con sid ered  to  be th e  s i t e  o f  s y n th e s is  o f  m olt s t im u la t in g  
horm ones.
To my know ledge, no sou rce  o f  j u v e n i le  hormones has been  
id e n t i f i e d  in  cru sta cea n s; how ever, Passano (1960) proposed the  
e x is t e n c e  o f  a homologue to  th e  corpora a l l a t a  o f  in s e c t s  in  
c r u s ta c e a n s . These p a ired  organs s y n th e s iz e  and s to r e  in s e c t  ju v e n ile  
horm ones.
The fo llo w in g  d is c u s s io n  o f  m olt c o n tr o l w i l l  em phasize craw fish  
s t u d ie s .  Most in v e s t ig a to r s  propose a s im p le  n e g a t iv e  feedback  
c o n tr o l o f  m olting  where o s c i l l a t i n g  t i t e r s  o f  m olt in h ib it in g  
hormone (MIH) and m olt s t im u la t in g  hormone (MSH) c o n tr o l and i n i t i a t e  
m o ltin g  p r o c e sse s  (P assan o , 1960; A ik en , 1969; N ovales e t  a l . ,  1 9 7 3 ). 
The sou rce  o f MIH in  craw fish  i s  th e n eu ro secre to r y  c e l l s  o f  the  
m edulla te r m in a lis  g a n g lia  in  th e  e y e s t a lk s .  These c e l l s  are  c a l le d  
th e  X organ s, and th e  MIH i s  s to r e d  in  th e s in u s  "glands" . The 
e f f e c t s  o f  e y e s ta lk  l i g a t io n  and s in u s  gland removal on cra w fish  m olt 
have been in v e s t ig a te d  in  many s p e c ie s .  Some o f  th e se  s tu d ie s  have  
in c lu d ed : Brown and Cunningham (1939) w ith  (). immunis, 0.  v i r i l i s ,
and ]?. j i.  a c u tu s , Smith (1940) w ith  P_. c l a r k i i , and Scudmore (1942a ,
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1942b, 1942c, 1947) w ith  0 . immunis and 0 . v i r i l i s . They c l e a r ly  
dem onstrated th a t e y e s ta lk  l i g a t io n  or rem oval o f  the s in u s  g lands  
from th e  eyes ta lk  e i th e r  g r e a t ly  reduced th e  in te r m o lt  p er iod  w ith  
subsequent m oltin g  or induced th e  on set o f  prem olt (measured by 
g a s t r o l i t h  developm ent) in  cra w fish  th a t  would n o t have shown s ig n s  
o f m o ltin g  o th erw ise .
Mobberly (1963, 1968) s tu d ied  th e  MIH o f  IT. c ly p e a tu s . He 
found i t  to  be a c t iv e  in  s o lu t io n s  b u ffe red  to  pH's o f  3 .5 ,  7 .6 ,  and 
9 .4 .  The e le c tr o p h o r e t ic  b eh a v io r  o f  MIH a t  pH's o f  4 .2 ,  7 .2 ,  and 8 .4  
was to  m igra te  toward th e ca th od e. Thus, MIH i s  e l e c t r o p o s i t iv e  in  
the pH range o f  4 .2  to  8 .4
Molt s t im u la t in g  hormone i s  a s t e r o id  c a l le d  ecd y stero n e  
(c r u s te c d y so n e , b e ta  ecd yson e, 20 -h yd roxyecd yson e). I t s  id e n t i f i c a t io n  
and th e  co n tro v ersy  o f  i t s  p o in t ( s )  o f  o r ig in  are covered  in  the  
fo llo w in g  d is c u s s io n .  A ctu a l d eterm in a tio n  o f  MSH in v o lv e d  com parative  
s tu d ie s  o f  th e e f f e c t s  o f  in s e c t  hormones on v a r io u s  m eta b o lic  system s  
in  c r u sta c e a n s . The m olting  hormones are ecd yson es (K arlson , 1956) 
and are a l s o  s t e r o id s .  Due to  apparent s i m i l a r i t i e s  betw een th e  
m o ltin g  system s o f  in s e c t s  and c r u s ta c e a n s , K arlson  took  e x tr a c ts  
from th e  shrim p, Cragnon v u lg a r i s , and in je c t e d  them in to  C a llio p h o ra  
sp . la r v a e  and found ecdysone a c t i v i t y .  At about th e  same tim e , 
C a r l i s le  and B u tler  (1956) found th a t th e  honeybee queen su b stan ce  
would in h ib i t  ovarian  developm ent in  th e  prawn, Leander s e r r a t u s , 
a f t e r  th e  e y e s ta lk s  had been removed. The ovary re ta r d in g  su b sta n ce
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o f  th e  e y e s ta lk s  was fed  to  emerging b ees  and i t  p reven ted  ovarian  
m atu ration .
C a r l i s l e  (1956) found th a t m olting  could  be induced in  ju v e n i le  
c r a b s , C arcinus maenus, a f t e r  d e s tr u c t io n  o f  th e  Y organs i f  e x tr a c ts  
o f th e lo c u s t ,  S c h is to c e r c a  s p . ,  were in je c te d  in to  them. C a r l i s le  
concluded  th a t d i f f e r e n t  arthropod groups p o sse sse d  d i f f e r in g  
ecdysones w hich were a l l ,  how ever, r e c ip r o c a l ly  a c t iv e  when in je c te d  
in  h ig h  enough d o se s . Horn e t  a l .  (1966) i s o la t e d  a m o ltin g  hormone 
from whole body e x tr a c ts  o f the marine c r a y f i s h ,  Jasus la n a n d e i, and 
named i t  c ru stecd y so n e . They a ls o  noted h ig h  b io lo g ic a l  a c t i v i t y  
o f  t h i s  su b sta n ce  in  th e in s e c t  ecdysone t e s t  (C a llio p h o ra  sp . t e s t ) .  
Lowe e t  a l .  (1968) found th a t cru stecd y so n e  would not induce m o ltin g  
in  in t a c t  ju v e n ile  Procambarus sim ulans but a c c e le r a te d  m olt i f  th e  
e y e s ta lk s  w ere removed. However, Krishnakumaran and Schneiderman  
(1 9 6 8 , 1969, 1970) in je c te d  ecd y stero n e  (cru stecd y so n e) o b ta in ed  from  
p la n ts  in to  two in t a c t  s p e c ie s  o f  the genus Procambarus as w e ll  as two 
sp id e r s  and th e h orsesh oe crab . They w ere a b le  to  in d u ce form ation  
o f  a new c u t i c l e  but w ith  extrem ely  poor s u r v iv a l a t  m o lt . They 
su g g ested  th a t  ecd y stero n e  was th e  u n iv e r s a l arthropod m o ltin g  
hormone. Sm iley (1971) and E lzen  and Kamm (1974) were a b le  to  
i n i t i a t e  m olt in  1?. c l a r k i i  by in j e c t io n s  o f  ecd y stero n e  in to  
in te r m o lt  cra w fish .
I n je c t io n s  o f  ecd y stero n e  g e n e r a lly  i n i t i a t e  p r eco c io u s  e c d y s is  
in  c r u s ta c e a n s , and th e  anim als u s u a lly  d ie  j u s t  b e fo r e  or during  th e  
m o lt . This has been rep orted  in  th e  cra w fish  (3. obscurus (Warner
30
e t  a l . ,  1 9 6 9 ) , 0 . 1impsus (K racht, 1 9 7 2 ), Procambarus spp. 
(Krishnakumaran and Schneiderm an, 1 9 7 0 ), th e  lo b s t e r ,  H. am erlcanus 
(Rao e t  a l . , 1 9 7 3 ), and th e  f id d le r  crab , Uca p u g i l ia t o r  (Rao e t  a l . ,  
1972; Krishnakumaran and Schneiderm an, 1 9 7 0 ). However, in j e c t io n s  
o f a lp h a  ecd y so n e , th e  m eta b o lic  p recu rsor  o f  ecd y stero n e  (King and 
S id d a l,  1969; G o r r e ll e t  a l . , 1 9 7 2 ), a ls o  h asten ed  i n i t i a t i o n  o f  
prem olt o f  t e s t  anim als and m ost t e s t  anim als m olted  s u c c e s s f u l ly  
(Warner e t  a l . ,  1969; Rao e t  a l . ,  1972; Rao e t  a l . ,  1 9 7 3 ). Heyman 
(1971) rep orted  s u c c e s s fu l  sy n ch ro n iza tio n  o f  m olt in  mature ;0 . 
r u s t ic u s  by in j e c t io n  o f  an u n id e n t if ie d  ecdysone fo rm u la tio n . That 
i t  c o n s is te d  o f  a form u la tio n  su g g e s ts  th a t  Heyman may have been ta k in g  
advantage o f some s o r t  o f  p recu rsor  s t r a te g y .
S e v e r a l s tu d ie s  are  a v a ila b le  on MSH t i t e r  in  cru sta cea n s during  
th e  m olt c y c le .  These in c lu d e  cra w fish  o f  the genus O rconectes  
( C a r l i s le  and C onnick, 1973a, 1 9 7 3 b ), 0.  lim osu s (W illig  and K e lle r ,  
1 9 7 3 ), and th e  cra b , Ĉ . maenus (A delung, 1 9 6 9 ). W il l ig ,  K e lle r ,  and 
A delung, working in  th e  same la b o r a to r y , ob ta in ed  th e  same b a s ic  
p a tte r n  o f  low t i t e r s  i n i t i a t i n g  prem olt (DQ) ; peak t i t e r s  w ere  
reached in  m id-prem olt (D £), and they q u ic k ly  dropped fo llo w in g  m olt 
(B^) to  in te r m o lt  l e v e l s .  C a r l i s l e  and Connick found h ig h e s t  t i t e r s  
a t  l a t e  prem olt (D3 -D 4 ) w ith  a p ostm olt drop a lth ou gh  s ta g e  B l e v e l s  
w ere s t i l l  e le v a te d . In  th e  s tu d ie s  re feren ced  above d e a lin g  w ith  
i n i t i a t i o n  o f  prem olt by in j e c t io n  o f  a lpha ecdysone and e c d y ste r o n e ,  
d if f e r e n t  resp on ses  w ere observed  which may be ex p la in ed  by s p e c ie s  
d if f e r e n c e s ,  s ta g e  o f  m olt c y c le  a t  in j e c t i o n ,  th e  amount o f  hormone
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in j e c t e d ,  o r  in j e c t io n  sc h e d u le . Krishnakumaran and Schneiderman 
(1970) su g g este d  th a t  overd oses were th e  reason  why most t e s t  anim als  
d ied  in  p rem olt-m olt a f t e r  ecd y stero n e  in j e c t io n .  In  v iew  o f th e  
n a tu ra l m o ltin g  hormone t i t e r s  d escr ib ed  above, t h is  may have been a
v a l id  c o n c lu s io n . The anim als may not have been a b le  to  t o le r a t e
ecd y stero n e  b ecau se th e  normal m eta b o lic  sequence appears to  be 
alpha ecdysone to  ecd y stero n e  (b e ta  e c d y so n e ) . M etab olic  con v ersio n  
o f  in je c te d  a lp h a  ecdysone to  ecd y stero n e  ap p aren tly  p erm its normal 
m oltin g  to  tak e  p la c e  when alpha ecdysone i s  in je c te d  in  a p p rop ria te
amounts a t  th e  ap p rop ria te  t im e (s ) .
There i s  g en era l agreem ent as to  th e  lo c a t io n  o f  th e  c e l l s  in  
th e  e y e s ta lk  (X organ) th a t l ib e r a t e  MIH in  a l l  c r u s ta c e a n s . However, 
th e same cannot be sa id  fo r  th e  t i s s u e ( s )  th a t  produces ecd y so n es.
Gabe (1953) d e sc r ib e d  the Y organ , or m o ltin g  g la n d , o f  crabs 
lo c a te d  in  th e a n te r io r  th o r a c ic  reg io n  in  th e  antennary or m a x illa ry  
segm ents. Numerous s tu d ie s  in c lu d in g  a b la t io n  and rep lacem ent o f  
the g lan d s in  crabs su b s ta n t ia te d  th e ir  im portance in  th a t group o f  
decapods (E c h a lie r ,  1954 , 1955; C a r l i s l e ,  1956; and o th e r s ) .  However, 
th e  s t a t u s  o f  th e  Y o rg a n (s) in  cra w fish es  has n o t been s a t i s f a c t o r i l y  
r e s o lv e d . Durand (1960) id e n t i f i e d  a Y organ in  JD. lim osu s in  th e  
m andibular r e g io n  and rep orted  h i s t o lo g ic a l  changes in  i t s  c e l l s  th a t  
he c o r r e la te d  w ith  h i s t o lo g ic a l  changes in  th e X organ c e l l s  during  
th e  m o ltin g  c y c le .  However, Sochasky e t  a l .  (1972) b e lie v e d  th a t i t  
was not a tru e  Y organ , and th ey  cou ld  n ot h i s t o lo g ic a l ly  id e n t i f y  
a Y organ in  th e lo b s t e r ,  H. am ericanus, and th e  c r a w fis h e s , 0 . v i r i l i s  
and O rconectes prop inquus. They concluded th a t  th e  s o - c a l le d  Y organ
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o f  Durand (1960) and C onnell (1971 , as rep orted  by Sochasky e t  a l . , 
1972) in  th e  cra w fish  Cam barellus s h e f e ld t i  was a m andibular organ  
w ith  no m o ltin g  fu n c t io n . C a r l i s l e  and Connick (1973a, 1973b) 
id e n t i f i e d  a g land  in  th e  antennary segment o f  v a r io u s  s p e c ie s  o f  th e  
genus O rconectes (0 . o b scu ru s„ £ .  p rop inquus, 0 .  ro b u stu s , and 0.  
v i r i l i s ) w hich th ey  concluded was th e  tru e  Y organ o f c r a w fish . I t  
was shown to  have MSH t i t e r s  correspon d in g  w ith  body t i t e r s  during  
th e  m olt c y c le .  However, Sochasky and A iken (1974) contended th a t  
C a r l i s l e ’ s  Y organ was n o t a tr u e  Y organ but a d eg en era te  p o r tio n  o f  
th e green  g la n d . T h eir  arguments r e s te d  p r im a r ily  on th e  la c k  o f  
a b la t io n  exp er im en ts, c o n f l i c t in g  l i t e r a t u r e ,  and the apparent e x i s t ­
ence o f  o th er  u n id e n t if ie d  so u rces  o f  ecdysone w ith in  th e body.
S in ce  m o ltin g  in v o lv e d  com p lica ted  m eta b o lic  p r o c e sse s  i t  i s  
n ot su r p r is in g  th a t  hormones o th er  than MIH and MSH may a ls o  m ediate  
m o ltin g . I d e n t i f ie d  m ed ia tors have been n e u r o se c r e t io n s . Scudmore 
(1947) n oted  a c e n tr a l nervous system  e x tr a c t  from the th o r a c ic  
g a n g lia  o f  J3. immunis th a t  acted  as an in d u cer  o f  g a s t r o l i t h  form ation . 
Stephens (1951) found a m olt in h ib i t in g  fa c to r  in  e x tr a c ts  from th e  
th o r a c ic  g a n g lia  and c ir c u e so p h a g e a l c o n n e c tiv e s  o f  0 . immunis and 
0 . r u s t ic u s . Yamamoto (1960) s tu d ie d  th e  e f f e c t s  o f  c e n tr a l nervous 
system  e x tr a c ts  on P̂ . c l a r k i i . He concluded  th a t  the cer e b r a l g a n g lia  
and th o r a c ic  g a n g lia  w ere producing a su b sta n ce  s im ila r  to  th e  MIH o f  
th e X organ . Mobberly (1963) in  s tu d ie s  w ith  JF. c ly p e a tu s  found both  
m olt in d u cin g  and m olt re ta r d in g  su b sta n ces  in  e x tr a c ts  o f  th e  
su p raesop h agea l g a n g lia  and circum esophageal g a n g lia  and c o n n e c t iv e s .
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McWhinnie e t  a l .  (1969) found a m olt a c c e le r a t in g  f a c t o r ( s )  in  th e  
ey e s  t a lk  o f prem olt 0 _. v i r i l i s .
Other fa c to r s  have been noted  to  a f f e c t  cra w fish  m o lt in g ,  
in c lu d in g  p h o to p e r io d , tem perature, crow ding, and th e  lo s s  o f  lim b s. 
Stephens (1 9 5 4 , 1955) found th a t he cou ld  s ig n i f i c a n t l y  in c r e a se  th e  
form ation  o f  g a s t r o l i t h s  and th e  in c id e n c e  o f  m o ltin g  o f  0 . v i r i l i s  
by s u b je c t in g  them to  a normal p h otoperiod  and to  a 20L;4D photoperiod  
d uring  th e November-February q u ie sc e n t  p e r io d . Mobberly (1963) 
reduced th e form ation  o f  g a s t r o l i t h s  in  F. c ly p e a tu s  w ith  co n sta n t  
l i g h t ;  how ever, p h oto p er io d s o f  6L:18D and 12L:12D in cr ea se d  
g a s t r o l i t h  form ation  when compared to  cra w fish  h e ld  in  co n sta n t dark. 
Aiken (1969) rep orted  a fa r  more com prehensive stu d y  in  which he 
c o n tr o lle d  m o ltin g  in  j u v e n i le  (). v i r i l i s  by va ry in g  p h otop eriod . The 
most s ig n i f i c a n t  fe a tu r e  o f  h is  study  was th e f a c t  th a t  th e  th resh o ld  
photophase v a r ie d  accord in g  to  th e  tim e o f  year th a t  i t  was 
a d m in istered . That i s ,  lon g  photophases were n ecessa ry  to  induce m olt  
during th e  w in te r  q u ie sc e n t  p er io d  w h ile  ex trem ely  sh o rt photophases  
would induce m o ltin g  during th e  normal growing p e r io d .
Armitage e t  a l .  (1973) rep orted  th a t m o ltin g  r a te s  o f  a d u lt  
O rconectes n a is  w ere s i g n i f i c a n t l y  h ig h er  a t  lon g-d ay  p h otoperiod s  
(15L:9D) than a t  sh o r t-d a y  p h otop eriod s (8 .5L :15 .5D ) or  norm al-day  
p h o to p e r io d s . R ice  and A rm itage (1 9 7 4 ) , w orking w ith  th e  same s p e c ie s ,  
found th a t  p h otop eriod  d id  n o t a f f e c t  th e  t o t a l  number o f  m o lts ;  
how ever, i t  programmed th e  se a so n a l d is t r ib u t io n  o f  m o lts  o f  fem ale  
cra w fish  h e ld  a t 8 .5 L :1 5 .5 D , 14L:10D, and normal ph otoperiod s fo r
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one y ea r . M olley  and P r in s  (1973) d id  not f in d  any d if fe r e n c e s  in  
m o ltin g  r a te s  o f  (). immunis m ain ta ined  on p h otop eriod s o f  6L:18D, 
15L:9D, and 24L:OD. Sadew asser and P r in s  (1973) rep orted  a l in e a r  
r e la t io n s h ip  betw een p h otop eriod  and m o ltin g  in  0 . r u s t ic u s  
m aintained  on p h otop eriod s o f  6L:18D» 15L:9D, and 24L:OD in  January 
but found no p h otop eriod  e f f e c t  in  June.
The s ig n i f ic a n c e  o f  low tem perature in  reducing or in h ib it in g  
m o ltin g  in  cra w fish  has been rep orted  by Smith (1940) and Penn (1943) 
fo r  P_. c l a r k i i ,  A iken (1969) fo r  0 . v i r i l i s , and Mobberly (1963) f o r  
_F. c ly p e a tu s . M olley  and P r in s  (1973) noted  a h ig h ly  s ig n i f ic a n t  
r e la t io n s h ip  betw een m olt and tem peratures o f  20°C, 24°C, and 28°C 
fo r  C). immunis. Sadew asser and P r in s  (1973) conducted t e s t s  in  
January (q u ie sc e n t  p er io d ) and June (growth p er io d ) w ith  0 . r u s t ic u s  
to  determ ine i f  th e r e  were any in te r a c t io n s  w ith  th e  photoperiods  
referen ced  above. There w ere no p h otop eriod -tem p eratu re in t e r a c t io n s ,  
b u t th e r e  was a l in e a r  r e la t io n s h ip  betw een tem perature and m oltin g  in  
th e  January group. There was a q u a d ra tic  r e la t io n s h ip  between  
tem perature and s u c c e s s f u l  m o ltin g  in  th e  June group.
The a d verse  in f lu e n c e  o f  crowded c o n d it io n s  on m oltin g  in  
cra w fish  has been noted  by A iken (1 9 6 9 ) , Heyman (1 9 7 1 ) , and Huner e t  
a l .  (1 9 7 4 ).
Loss o f  lim bs w i l l  a ls o  reduce th e  normal in te r m o lt  p er io d .
T his has been  dem onstrated by Mobberly (1963) in  F. c ly p e a tu s  where 
a t l e a s t  two c h e lip e d s  and two p a ir s  o f  w a lk in g  le g s  had to  be  
removed. B it tn e r  and Kopanda (1973) found th a t  removal o f  th e
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c h e lip e d s  and /or th e  w alk ing  le g s  o f  ]?. c l a r k i i  in cr ea se d  m oltin g  
frequency and decreased  in te r m o lt  p e r io d . They a ls o  noted  th a t  
n erve autonomy in  th e same appendages had th e  same e f f e c t .
MATERIALS AND METHODS
Pond Study
The purpose o f  t h i s  stu d y  was to  determ ine i f  m an ip u la tion  o f  
a cu rrent c u l t iv a t io n  p r a c t ic e ,  tim e o f  f a l l  r e f lo o d in g ,  would make 
b a i t - s iz e d  cra w fish  in  th e  p r e fer red  s i z e  ra n g e , 50 -70  mm, a v a ila b le  
throughout th e normal growing se a so n , Septem ber-O ctcber to  A pril-M ay.
Twelve 0 .005  h a , rec ta n g u la r  earth en  ponds about 0 .7 5  m deep 
lo c a te d  a t  th e  LSU Ben Hur F is h e r ie s  R esearch  C enter were randomly 
a ssig n ed  to  th r e e  trea tm en ts  (r e f lo o d in g  reg im es): 1 September 1973,
1 O ctober 1973 , and 1 November 1973. There w ere four ponds per  
trea tm en t.
Ponds were prepared fo r  t h i s  study  as fo l lo w s :  they  were f i r s t
drained  and then r e flo o d e d  in  mid-May 1973. Three ponds from each  
treatm ent w ere then sto ck ed  w ith  mature .P. c l a r k i i  a t  a r a te  o f  
109 kg per ha . U nstocked ponds w ere co n sid ered  as c o n tr o ls  to  
a s c e r ta in  e x i s t in g  cra w fish  p o p u la tio n  l e v e l s  in  th e  ponds. A fter  
s to c k in g  a l l  ponds were s lo w ly  drained  to  s t im u la te  burrowing and 
w ere dry by m id-June 1973. G rasses w hich grew in  th e d r ied  ponds 
were cu t every  two weeks u n t i l  r e f lo o d in g .
Ponds were re flo o d e d  on th e th ree  d a te s  m entioned ab ove, and 
cra w fish  were sampled every  two weeks u n t i l  th e end o f  May 1974.
T able 1 p ro v id es  a sam pling code and th e  correspon d in g  ca len dar
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Table 1. A ctu a l Sampling h a te s  and Sampling P er iod  Code, 
Pond Study.
Sampling No. Wks. From   D ate R eflooded
P er iod  Code R eflood in g 1 Sep 73 1 Oct 73 1 Nov 73
1 2 16 Sep 73 14 Oct 73 1 1 Nov 73
2 4 30 Sep 73 27 Oct 73 25 Nov 73
3 6 14 Oct 73 1 1 Nov 73 8 Dec 73
4 8 27 Oct 73 25 Nov 73 2 1 Dec 73
5 1 0 1 1 Nov 73 8 Dec 73 6 Jan 74
6 12 25 Nov 73 2 1 Dec 73 19 Jan 74
7 14 8 Dec 7 3 6 Jan 74 2 Feb 74
8 16 2 1 Dec 73 19 Jan 74 16 Feb 74
9 18 6 Jan 74 2 Feb 74 1 Mar 74
1 0 2 0 19 Jan 74 16 Feb 74 15 Mar 74
1 1 2 2 2 Feb 74 1 Mar 74 29 Mar 74
1 2 24 16 Feb 74 15 Mar 74 14 Apr 74
13 26 1 Mar 74 29 Mar 74 26 Apr 74
14 28 15 Mar 74 14 Apr 74 1 0 May 74
15 30 29 Mar 74 26 Apr 74 24 May 74
16 32 14 Apr 74 1 0 May 74
17 34 26 Apr 74 24 May 74
18 36 1 0 May 74
19 38 24 May 74
2 0 1 2 0 Oct 73
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T able 1. Continued
Sampling  
P er io d  Code
No. Wks. From D ate R eflooded
R eflood in g 1 Sep 73 1 Oct 73 1 Nov 73
2 1 1 2 1 Oct 73 21 Oct 73
r-iCMCM 22 Oct 73
231 23 Oct 73
■^Supplemental trap p in g  p er io d s  fo r  p o p u la tio n  e s t im a te s  in  
trea tm en ts 1  and 2  on th e  d a te s  l i s t e d .
39
d a te s  fo r  each trea tm en t. Each code number r e p r e se n ts  th e  e la p sed  
tim e (code number tim es two w eeks) a f t e r  r e f lo o d in g  in  each trea tm en t. 
N o te , how ever, th a t ca len d ar d a te s  are  s ta g g e r e d .
I n i t i a l l y  cra w fish  w ere caught w ith  a d ip  n e t by making twenty  
d ip s  around th e  pond. I l im ite d  a c tu a l sample s i z e  to  approxim ately  
100 c ra w fish . I f  t h is  number w ere reached p r io r  to  making a f u l l  
tw enty d ip s ,  no more cra w fish  w ere r e ta in e d  a lth ou gh  a l l  d ip s  were  
made to v e r i f y  v i s u a l ly  th e  hom ogeneity o f  th e  sam ple.
By m id-O ctober, s e v e r a l  modal s i z e  c la s s e s  d isappeared  from dip  
n e t ca tch es  from treatm en t 1 . Subsequent u se  o f  tra p s dem onstrated  
th a t some cra w fish  had grown la r g e  enough to  avo id  th e  n e t .
T h erefo re , trap p in g  was i n i t i a t e d  a t  subsequent sam pling p er io d s  in  
a l l  trea tm en ts .
C o n ic a l, u p r ig h t tra p s  were used  (F igu re  1 ) .  These were 
c o n stru c ted  o f  1 .3  cm hardware c lo th  w ith  th ree  fu n n el-sh ap ed  
en tra n ces  around th e b a se . Inner d iam eter o f  th e  fu n n e l en tran ces  
was 6  cm. One trap  was used in  each pond. They w ere b a ite d  w ith  
f i s h  p a r t s ,  s e t  one d ay , and were p ick ed  up th e  n e x t .
The fo llo w in g  measurements and o b se r v a tio n s  w ere made on each  
cra w fish  in  each sam ple w ith  e x c e p tio n s  noted  below ; t o t a l  
le n g th ,  s e x ,  m olt s t a g e ,  and m ark-recapture s t a t u s .  A fter  measure­
ments w ere com p leted , th e  cra w fish  w ere retu rn ed  to  th e  pond from 
w hich they came. T his was u su a lly  accom plished  w ith in  two hours o f  
rem oval from th e  pond.
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F igure 1 . Diagram o f  a Stand Up Trap.






T o ta l len g th  i s  d e fin e d  as th e  d is ta n c e  betw een th e  t ip  o f  th e  
rostrum  and th e t ip  o f  th e  t e ls o n  measured t o  th e  n e a r e s t  1 .0  mm.
Sex o f  each cra w fish  was determ ined  o n ly  fo r  th o se  over 20 mm.
Sex o f  cra w fish  l e s s  than 20 mm was hard to  determ ine because o f  
the d i f f i c u l t y  in  id e n t i f y in g  m ale gonopodia . M ales were noted  as  
s e x u a lly  mature (form I )  o r  s e x u a lly  in a c t iv e  (form  I I )  or ju v e n ile  
(Penn, 1 9 4 3 ). The m a tu r ity  o f  fem ales cou ld  n o t be determ ined by 
e x te r n a l exam in ation .
The m olt s ta g e  o f  cra w fish  g r e a te r  than 25 mm was determ ined  
u sin g  th e  method o f  S tevenson  (1972b -  s e e  Appendix B ) . Molt s ta g e  
of a l l  cra w fish  was determ ined u n le s s  a sam ple number exceeded  
approxim ately  75. Then, every  o th er  c r a w fish  was m olt s ta g e d . To 
in su r e  th a t  a l l  s i z e  c la s s e s  w ere f a i r l y  r e p r e se n te d , I  a r b i t r a r i ly  
d iv id ed  th e  cra w fish  among 5 mm s i z e  c la s s e s  based  on th e  d iv is io n s  
o f Penn (1 9 4 3 ) . That i s ,  s i z e  c la s s e s  w ere 26 -30  mm, 31-35 mm,
36-40  mm, e t c .  The f i r s t  cra w fish  measured in  a s i z e  c la s s  was 
m olt s ta g e d , th e  n ex t was n o t ,  th e  n ex t w as, e t c .
S tages  were s o f t  (A ), in te r m o lt  (B -C ), e a r ly  prem olt (Dq-D i ’ ) ,
* * i
m id-prem olt (D^ > an  ̂ la t e  prem olt (D3 -D 4 ) . The s o f t  s ta g e  was
r e a d ily  apparent from the d egree o f  f l e x i b i l i t y  o f  th e  carapace. The 
in te r m o lt  s ta g e  was determ ined by th e  r e l a t iv e  r i g id i t y  o f  th e  
carapace and la ck  o f s e p a r a tio n  o f t i s s u e  a t  th e  b a se  o f  s e ta e  on th e  
uropods. This was determ ined m ic r o s c o p ic a lly .  The e a r ly  prem olt 
s ta g e  was determ ined by th e  p resen ce  o f  a s e p a r a t io n  betw een th e  
t i s s u e  a t  th e  b ase  o f  th e  s e ta e  o f  th e  u ropods. The m id-prem olt
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s ta g e  was c h a r a c te r iz e d  by th e  form ation  o f  new s e ta e  a t  th e b a ses  
o f the o ld  s e ta e  o f  th e  uropods. The l a t e  prem olt s ta g e  was 
c h a r a c te r iz e d  by d e c a lc i f i c a t io n  o f  the o ld  e x o sk e le to n  and form ation  
o f th e new e x o sk e le to n . D e c a lc i f ic a t io n  was apparent from the  
b r i t t l e n e s s  o f the o ld  carap ace .
C raw fish  g r e a te r  than 45 mm were marked to  o b ta in  in form ation  
con cern in g  movements betw een ponds and to  o b ta in  a r e la t iv e  id e a  o f  
p o p u la tio n  d e n s i t i e s .  C raw fish l e s s  than 45 mm were d i f f i c u l t  to  
mark due to  s i z e  and m echanical damage when marking them. Crawfish  
from each pond w ere marked w ith  a pond s p e c i f i c  mark by c l ip p in g  
th e  edges o f  th e  uropods and abdom inal p leu ra  w ith  a f in e  p a ir  o f  
s c i s s o r s  (Momot, 1 9 6 7 ). The p resen ce  or ab sen ce o f marks was 
recorded fo r  each cra w fish  g r e a te r  than 45 mm.
S o f t -S h e l le d  C raw fish P rod u ction
The purpose o f  t h is  stud y  was to  d eterm ine how to  produce  
s o f t - s h e l l e d  cra w fish  in  the p re fe r r e d  s i z e  ran ge, 50-70  mm. There 
were two p h a se s . The f i r s t  in v o lv e d  exam ination  o f  n a tu ra l m oltin g  
and horm onally induced m o ltin g  under c o n tr o lle d  c o n d it io n s . The 
second in v o lv e d  ( 1 ) m a in ta in in g  p ostm olt cra w fish  in  a " s o f t - s h e l le d "  
s t a t e  by d e p r iv a tio n  o f calcium  io n s  and food  and (2 ) o b ta in in g  v a lu e s  
fo r  th e  d egree  o f  hardness o f  in term o lt F\ c l a r k i i  and s o f t  and 
in te r m o lt  0 . v i r i l i s , an e s ta b lis h e d  b a i t  s p e c ie s .
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M olting  Experim ents
The purpose o f  t h is  phase was to  examine n a tu r a l m o ltin g  and 
horm onally induced m o ltin g  under c o n tr o lle d  c o n d it io n s .  S ix  
experim ents were conducted and are d escr ib ed  in  T able 2 .
C raw fish w ere t e s te d  in d iv id u a l ly  in  aluminum sc r e e n  cages  
suspended in  a f ib e r g la s - l in e d  wooden trou gh . The apparatus i s  
d escr ib ed  in  d e t a i l  by Huner e t  a l .  (1 9 7 4 ).
E xperim ental c o n d it io n s  were as fo llo w s :  d i lu t io n  w ater was
aged tap w ater  a d ju sted  to  a t o t a l  hardness o f  1 0 0  ppm by a d d it io n  o f  
ca lciu m  c h lo r id e  u n t i l  th e  d e s ir e d  l e v e l  was reached (w ith  th e  
e x c e p tio n  o f  experim ent 2  where on ly  aged tap w ater was u s e d ) ; w ater  
tem perature was 26.7°C  + 1°C; and th e  minimum d a i ly  l i g h t  p eriod  was 
1 2  h ou rs.
c l a r k i i  fo r  the f i r s t  f i v e  experim ents were c o l le c t e d  a t  th e  
LSU Ben Hur F is h e r ie s  R esearch C en ter. Those used in  th e  s ix t h  
experim ent were caught in  th e  Boyce Commercial Craw fish Pond Number 
Two a t  S o rren to , L o u is ia n a . Crawfish o f  the ap p ro p ria te  s i z e  fo r  
t h is  experim ent w ere n o t a v a ila b le  a t  th e  Ben Hur C enter a t  th a t  
tim e.
C raw fish  w ere h e ld  fo r  two to  th r e e  days b e fo r e  an experim ent 
began. P r io r  to  p la c in g  them in  c a g e s , they  w ere measured to  th e  
n e a r e s t  0 .5  mm and w eighed to  th e  n e a r e s t  0 .0 1  g (to w el d r ied  l i v e  
w e ig h t ) . Appendix C p r e se n ts  th e  le n g th /w e ig h t  curve fo r  cra w fish  
used in  t h i s  s tu d y . M olt s ta g e  was determ ined as ex p la in e d  above.
Table 2 . Numbers o f  Crawfish U sed, Type o f Treatm ent, and D ates o f  S ix  M olting Experim ents.
Experiment Number
C ontrol
o f  Crawfish  
Treatment
Treatment^ Begin End
Expt. 1 50 - None 14 Jan 73 15 Feb 73
E xpt. 2 50 - None 21 Feb 73 8  Mar 73
Expt. 3 24 25 20 j i l / c r a w f is h , C rayfish  
S c ie n c e s ,  In c . M olting  
Form ulation No. 1 , 4 days 
a f t e r  i n i t i a l  lab  m olt.
31 Mar 73 26 Apr 73
Expt. 4 24 26 3 y g !  g E cd ysteron e, 4 days 
a f t e r  i n i t i a l  lab  m o lt.
2 May 73 3 Jun 73
Expt. 5 25 25 3 jig /g  E cd ysteron e, 1 day 
a f t e r  i n i t i a l  lab  m o lt.
15 Jun 73 28 J u l 73
E xpt. 6 24 23 E y esta lk  l i g a t i o n ,  4 days 
a f t e r  i n i t i a l  lab  m o lt.
15 Oct 73 25 Nov 73
ormones ob ta in ed  from C rayfish  S c ie n c e s , In co rp o ra ted , 209 S. B road leigh  R d ., Columbus, Ohio.
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Once s to c k e d , cra w fish  w ere fe d  tw ic e  d a i ly ,  ad lib itu m . The 
p r in c ip le  food  was a cru sta cea n  d i e t ,  D ie t  Number 2 1 - 5 /72A (Huner 
e t  a l . ,  1 9 7 4 ).
A fte r  c r a w fish  w ere in trod u ced  in t o  c a g e s , th e  tim e u n t i l  i n i t i a l  
la b o ra to ry  m olt was c a r e f u l ly  observed  fo r  a l l  exp erim en ts. Molt 
s ta g e  was determ ined once every  sev en  days in  th e  f i r s t  two 
experim ents u n t i l  te rm in a tio n . In  th e  rem aining ex p er im en ts, m olt  
s ta g e  was determ ined  every  fou r  days u n t i l  i n i t i a l  la b o ra to ry  m o lt , 
a t th e  tim e o f  trea tm en t, and a t  two day in t e r v a l s  fo llo w in g  t r e a t ­
ment u n t i l  th e  n ex t m olt or term in a tio n  o f  th e  s p e c i f i c  experim ent. 
N ote th a t  c o n tr o ls  fo r  th e l a s t  fou r  experim ents w ere handled in  
th e  same manner as in je c te d  or l ig a t e d  cra w fish  but w ere not su b jec ted  
to  any in j e c t io n s  or sham o p e r a t io n s . D ata on th e  le n g th  o f tim e, 
in  d a y s , from s p e c i f i c  prem olt su b sta g e s  u n t i l  m olt was recorded  
fo r  a l l  u n trea ted  cr a w fish . M olt s ta g e  and m ale s e x  s ta tu s  (form I  
or form I I )  w ere determ ined fo r  a l l  c ra w fish  a t  th e  term in a tio n  o f  
each exp erim en t.
A ll  hormones were ob ta in ed  from C rayfish  S c ie n c e s ,  In corp ora ted , 
209 South B ro a d le ig h  Road, Columbus, Ohio. E cdysterone s to c k  
s o lu t io n  was prepared by d is s o lv in g  5 .Aig o f c r y s t a l l in e  hormone in  
10% e th a n o l. A l l  hormones w ere in j e c t e d  in tra m u scu la r ly  to  th e  s id e  
o f  the v e n tr a l  m id lin e  in  th e  second or th ir d  abdominal segm ent. A 
one m i l l i l i t e r  c a p a c ity  g la s s  s y r in g e  w ith  a number 26 n e e d le  and a 
r e p e a tin g  d isp e n so r  was used to  in j e c t  M olting  Form ulation No. 1 .
The d isp e n so r  d e liv e r e d  20 1 o f  s o lu t io n  per in j e c t io n .  A 50 ,*i 1
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c a p a c ity , g la s s  m icro 1 1 te r  sy r in g e  w ith  a number 26 n e e d le  was used  
to  in j e c t  ecd y stero n e  s o lu t io n s .  E cdysterone s o lu t io n  volum es was 
used to  in j e c t  ecd y stero n e  s o lu t io n s .  E cdysterone s o lu t io n  volume 
averaged 25 Ail per c r a w fish .
I used a sm a ll p a ir  o f  f in e  s u r g ic a l  s c i s s o r s  to  l i g a t e  ey e -  
s t a lk s  in  th e  l a s t  exp erim en t. E y esta lk s  w ere cu t as near th e  base  
as p o s s ib le .  The o p e r a tio n  took  l e s s  than  60 seconds a t  which time 
th e  cra w fish  w ere retu rn ed  to  t h e ir  c a g e s .
Hardening Experim ents
The purposes o f  t h i s  phase w ere: (1 ) to  examine th e  d egree o f
p o stm o lt hardening o f  th e  carap aces o f unfed cra w fish  a llow ed  to  
m olt in  d e io n iz e d  w ater  and hard w ater by m easuring p ercen t ca lcium  
and dry w e ig h t per u n it  le n g th  ( to  be c a l le d  carapace dry w e ig h t ) , 
and ( 2 ) to  o b ta in  com parison v a lu e s  from th e  carapaces o f  in term o lt  
P̂ . c l a r k i i  and s o f t  and in te r m o lt  0 . v i r i l i s , an e s ta b lis h e d  b a i t  
s p e c ie s .  The m a te r ia ls  and methods fo r  th e se  two to p ic s  are  
d isc u sse d  b elow .
P ostm olt Carapace H ardening:
There were th ree  exp er im en ts, d escr ib ed  in  Table 3 . A ll  
experim ents were conducted i n  th e  fo llo w in g  ap p aratu s. In d iv id u a l  
cra w fish  w ere p la ced  in  4 - l i t e r  p la s t i c  m ilk  ju g s (1 4 .5  mm̂  x  12 mm) 
whose top s had been  removed. They w ere arranged in  rows o f  fou r  
a c r o ss  th e trough used  in  m o ltin g  s tu d ie s  (52 c o n ta in e r s  in  th e
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Table 3 . Time o f Removal, Water Type, and Number o f  Crawfish  
U sed ,P ostm olt Carapace H ardening Experim ents




Expt. 1 0 h rs 5 5
24 h rs 5 5
48 h rs 5 5
72 h rs 5 5
96 hrs 5 5
Expt. 2 1 2 hrs 6 6
3 wks 1 0 -
Expt. 3 0 h rs 8 -
1 2 hrs 8 -
24 h rs 8 -
48 h rs 8 -
72 hrs 8 -
96 hrs 8 -
3 wks 4 —
■^Calcium co n cen tra tio n  = 32 ppm.
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tro u g h ). The trough served  as a w ater b a th . Water tem perature was 
26.7°C  + 1°C. C ir c u la t io n  under th e ju g s was m aintained  by 
aquarium a ir  s to n e s .
Approxim ately 500 ml o f  w ater  was p la ce d  in  each co n ta in er  and 
was changed d a i ly .  The t e s t  media w ere a e r a te d , d e io n iz ed -w a ter  and 
aged tap w ater whose hardness was a d ju sted  to  80 ppm (32 ppm calcium )  
by a d d it io n  o f  calcium  c h lo r id e .
A ll  craw fish  fo r  t h i s  stud y  w ere ob ta in ed  from th e  LSU Ben Hur
F is h e r ie s  R esearch C enter. They w ere a l l  advanced prem olt (su b sta g es  
i n
~D^). Thus feed in g  was not n ecessa ry  and m olt took p la c e  in  no 
more than fou r  to  f iv e  days.
F ollow in g  ca p tu re , th e  cra w fish  were brought in to  th e la b o ra to ry  
and allow ed  to  a cc lim a te  to  room tem perature fo r  two to  th r e e  hou rs. 
P r io r  to  a s s ig n in g  them to  c o n ta in e r s , carapace le n g th  ( t ip  o f  
rostrum  to p o s te r io r  edge o f th e  carapace a t th e m id -d orsa l p o s i t io n )  
was measured to  th e n e a r e s t  0 .1  mm w ith  an A lv in  d ia l  c a l ip e r .
F ollow in g  m o lt, c a s t  s h e l l s  were removed from the co n ta in ers  to  
preven t th e  craw fish  from e a t in g  them. C ast carapaces from cra w fish  
in  experim ents 1 and 3 , removed a t 0 hours p o s tm o lt , w ere a ls o  
re ta in e d  fo r  a n a ly s is .  A fte r  predeterm ined  tim es (T able 3 ) ,  th e  
cra w fish  w ere removed from t h e ir  c o n ta in e r s ,  m easured, and dry 
fro ze n  in  p l a s t i c  bags.
Measures o f  hardening were: p ercen t ca lc iu m  in  th e  carapace
and carapace dry w eigh t p er u n it  le n g th . A l l  p rep a ra tio n s and 
read in gs were conducted or made in  th e  LSU Feed and F e r t i l i z e r
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Laboratory under th e  d ir e c t io n  o f  Mr. Joseph G. Kowalczuk, A ss is ta n t  
P r o fe s s o r , Feeds and F e r t i l i z e r .  P rocedures were as fo llo w s :
C raw fish w ere thawed and th e  carapaces were removed from the c a r c a ss .  
A ttached ep iderm is was scraped  from th e  in n er  s u r fa c e s ,  and th e  
carapace was r in se d  w ith  d i s t i l l e d  w a ter . D ebris was removed from  
the ou ter  su r fa c e  o f  c a s t  ca ra p a ces. The prepared carapaces were 
d ried  a t  100°C o v ern ig h t and w eighed to  th e  n e a r e s t  0 .0001 g . The 
sam ples were then w et ashed w ith  a s o lu t io n  o f  n i t r ic - p e r c h lo r ic  
a c id  u t i l i z i n g  a m o d if ic a t io n  o f method 2 .0 2 0  o f  th e  A sso c ia t io n  o f  
O f f i c ia l  A n a ly t ic a l  Chem ists (1975) where th e  two a c id s  are combined 
rath er than added s e q u e n t ia l ly .  S e q u e n tia l a d d it io n  o f  a c id  i s  a 
s a f e t y  p reca u tio n  and in  no way a f f e c t s  ca lc iu m  recovery  (Kowalczuk, 
1975, P e r s . Comm.)'*'. The d ig e s te d  sam ples w ere d ilu te d  and 
analyzed  fo r  ca lc iu m  by method 2 .0 9 6  o f  th e  A ss o c ia t io n  o f  O f f i c ia l  
A n a ly t ic a l Chem ists (1975) u t i l i z i n g  a J a r r e ll-A s h , Model No. 82-375C  
Atomic A bsorption  Flame Emmission U n it . Carapace dry w eigh t per u n it  
le n g th  was ob ta in ed  by d iv id in g  th e  dry w eigh t by th e  carapace le n g th  
in  m il l im e te r s .
Hardness V alues o f  th e  Carapaces o f  In term o lt P̂ . c l a r k i i  and 
S o ft  and In term o lt (). v i r i l i s :
Ten in te r m o lt  P_. c l a r k i i  in  each o f  th r e e  s i z e  c l a s s e s ,  55 -60  mm, 
70-75 mm, and 85 -9 0  mm, and two m atu rity  l e v e l s ,  mature and ju v e n ile
■^Pers. Comm., 11 J u ly  1975 , J . G. Kowalczuk, Feed and F e r t i l i z e r  
L aboratory , L o u is ia n a  S ta te  U n iv e r s ity ,  Baton Rouge, L o u is ia n a .
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o r  s e x u a lly  in a c t iv e  w ere an alyzed  e x ce p t th a t  mature c r a w fish  were 
n o t a v a ila b le  in  th e  s m a lle s t  s i z e  c l a s s .
Twenty s o f t  (70-75  iran) and twenty in te r m o lt  (80-85  mm) j0. 
v i r l l i s  were a n a ly zed . The s o f t  cra w fish  w ere ju v e n i le  or s e x u a lly  
in a c t iv e  w h ile  th e la r g e r  ones w ere m ature. L ik e -s iz e d  cra w fish  were 
n ot a v a ila b le .
J u v e n ile  or s e x u a lly  in a c t iv e  JP. c l a r k i i  were sep a ra ted  from  
mature cra w fish  on th e  b a s is  o f  c o lo r  (Nakagawa e t  a l . , 1974) fo r  
fem ales and secondary se x u a l ch a ra cte rs  (Hobbs, 1972) fo r  m ales. 
Secondary se x u a l ch a ra c te rs  (Hobbs, 1972) were used to  determ ine  
m a tu rity  s ta tu s  o f  male (3. v i r i l i s . S in ce  no obvious e x te r n a l  
ch a ra cters  w ere a v a ila b le  fo r  d eterm in in g  m atu rity  s t a t u s  o f  fem a le s , 
I  assumed th a t l i k e - s i z e d  m ales and fem ales were o f  th e  same m atu rity  
l e v e l .
A l l  £ .  c l a r k i i  used fo r  a n a ly s is  w ere ob ta in ed  a t  th e  LSU 
Ben Hur F is h e r ie s  Research C enter. 0 .  v i r i l i s  used fo r  a n a ly s is  were 
o b ta in ed  from Midwest B io lo g ic a l s ,  S te v e n s p o in t , W iscon sin .
Carapaces were measured to  n e a r e s t  0 .1  mm and cra w fish  w ere dry 
fro zen  in  p l a s t i c  bags fo r  l a t e r  a n a ly s is .
A nalyses o f  th e  carapaces w ere fo r  p ercen t ca lciu m  and 
carapace dry w eigh t as d escr ib ed  fo r  p o stm o lt hardening exp erim en ts.
H andling o f  B a it -S iz e d  H ard-S h elled  C raw fish
The purpose o f  t h is  stud y  was to  e s t a b l i s h  h an d lin g  tech n iq u es  
fo r  b a i t - s i z e d ,  h a r d -sh e lle d  cra w fish  in  th e  30-60  mm s i z e  range.
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There w ere two p h a se s . The f i r s t  in v o lv e d  exam ination  o f  the resp on se  
o f the cra w fish  to  sim u la ted  sh ip p in g  c o n d it io n s . The second  
in v o lv e d  exam ination  o f th e resp o n se  o f  cra w fish  to  sim u la ted  h o ld in g  
c o n d it io n s .
S im ulated  Sh ipp ing C on d ition s
The purpose o f  th ese  experim ents was to  o b ta in  d a ta  on th e  
resp o n ses  o f  cra w fish es  to  s im u la ted  sh ip p in g  c o n d it io n s  fo r  
p er io d s up to  72 h ou rs. I n d iv id u a l experim ents were conducted w ith  
25-35 mm, 35-45  mm, and 45-55  mm cra w fish . C raw fish in  th e  two 
sm a lle r  s i z e  c la s s e s  were captured  in  a 0 . 0 1  ha ro a d sid e  p o o l 
approxim ately  2 km so u th e a s t  o f  th e LSU Ben Hur F is h e r ie s  R esearch  
C enter. The la r g e s t  s i z e  c la s s  was ob ta in ed  a t th e  Ben Hur C enter.
Captured cra w fish  w ere p la ced  in  1 2 - l i t e r  p l a s t i c  pans and 
brought in t o  th e  la b o r a to r y . They were' measured and cra w fish  in  
m olt s ta g e s  A, B, and w ere e l im in a te d .
A t o t a l  o f 120 craw fish  was used in  each experim ent. They were 
a ssig n ed  as fo llo w s :  Three r e p l ic a t io n s  o f  10 cra w fish  each were
c o n tr o ls  and th r e e  r e p l ic a t io n s  o f  1 0  cra w fish  each w ere removed 
from r e f r ig e r a t io n  a t  each o f th e  in t e r v a ls  24 , 48 , and 72 hours.
Crawfish were packed in  500 ml g la s s  ja r s  betw een 2 .5  cm 
la y e r s  o f  damp p in e  saw dust covered  w ith  a w et paper to w e l. The 
ja r s  were s e a le d  w ith  squares o f  p l a s t i c  h e ld  in  p la c e  w ith  a rubber 
band.
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F ollow in g  removal from r e f r ig e r a t io n ,  j a r s  w ere p erm itted  to  
warm to  room tem perature (22°C +  3°C) fo r  one hour. C raw fish were  
then removed from ja r s  and p la ced  in  1 2 - l i t e r  p l a s t i c  pans w ith  
500 ml o f  aged tap w a ter . M o r ta lity  was recorded  then  and 24 hours 
l a t e r .  C ontro l cra w fish  were h e ld  in  th e  same p l a s t i c  pans fo r  a 
p eriod  o f  96 hours w ith  m o r ta lity  recorded every  24 hou rs.
S im ulated  H olding C ond ition s
The purpose o f  th e se  experim ents was to  determ ine th e  resp on se  
o f cra w fish  to  s im u la ted  h o ld in g  c o n d it io n s  fo r  p er io d s  up to  two 
w eeks. Four experim ents were conducted (T able 4 ) .
E xperim ental co n ta in ers  w ere 1 2 - l i t e r  p l a s t i c  pans w ith  
approxim ate d im ensions o f  35 x  26 x  12 cm deep . Tap w ater (hardness  
= 5 ppm) was th e d i lu t io n  w ater em ployed. In  experim ents 1 and 2 ,  
no adjustm ent o f  hardness was made. In  experim ents 3 and 4 , w ater  
hardness was a d ju sted  to  approxim ately  1 0 0  ppm by a d d it io n  o f  ca lcium  
c h lo r id e . Temperatures were approxim ately  22°C +  3°C.
In  experim ents 1 and 2 ,  cra w fish  w ere th o se  used  in  sh ip p in g  
experim ents 2 and 3 . T w enty-four hours fo llo w in g  rem oval from  
r e fr ig e r a t io n  (96 hours a f t e r  each  experim ent began in  th e c a se  o f  
c o n tr o ls )  a l l  cra w fish  in  a treatm ent w ere c o n so lid a te d  in  one pan 
and approxim ately  500 ml o f d i lu t io n  w ater was added. M o rta lity  
was recorded  d a i ly  when w ater was changed. O b servations were 
con tin u ed  fo r  two w eeks.
T able c. Average S iz e ,  D en sity  and Feeding L ev e ls  fo r  Sim ulated  Holding Experim ents.
Experiment Average S iz e  (mm) D en sity 3 Number 
Per Pan
Feeding L evels
i ’° 3 9 .4 1 mm/ 69 mm2 29 .7 None
3 2 .5 1 mm/ 83 mm̂ 30 None
2 5 8 .0 1 mm/ 49 mm2 28 .3 None
3 3 4 .0 1 mm/138 mm̂ 17 None
1 % estim ated  body w t. 
per d a y .c
3 4 .0 1 mm/ 35 mm2 6 8 None
1 % estim ated  body w t. 
per d a y .c
4 5 3 .0 1 mm/138 mm2 1 1 None
1 % estim ated  body w t. 
per d a y .c
5 3 .0 1 mm 35 mm2 43 None
1 % estim ated  body w t. 
per d a y .c
3  DM illim eters  o f  c r a w fish  per m illim e te r  squared o f  bottom  a rea ; C ontrol group sep arated  from other  
r e p l ic a t io n s  due to  s i z e  d if f e r e n c e s ;  cD ie t  No. 2 1 -5 /7 2  A.
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Crawfish fo r  experim ents 3 and 4 were ob ta in ed  a t  th e  LSU Ben Hur 
F is h e r ie s  R esearch C enter. They were brought in to  th e lab o ra to ry  
in  p la s t i c  pans and p erm itted  to  e q u il ib r a te  to  room tem perature.
They were measured and th o se  in  m olt s ta g e s  A, B, D3 , and D4  were 
e lim in a te d . The exp erim en ta l d e s ig n  in  both  experim ents was a 
2 x 2  f a c t o r i a l  where th e  fa c to r s  were fe e d in g  l e v e l  (no food and one 
p erce n t estim a ted  body w e ig h t per day o f  D ie t  Number 2 1 -5 /7 2  A) and 
d e n s ity  (1 mm o f cra w fish  per 35 mm̂  and 138 mm̂  o f  bottom  a r e a ) .
There were th ree  r e p l ic a t io n s  o f  each fa c to r  in  experim ent 3 but on ly  
two r e p l ic a t io n s  in  experim ent 4 due to  a la c k  o f cra w fish .
Water was changed d a i ly  (500 m l). M o r ta l it ie s  were recorded a t 
each w ater change fo r  two w eeks. Craw fish w ere fed  d a ily  beginn ing  
th e  day a f t e r  i n i t i a t i o n  o f  each experim ent.
Molt s ta g e  o f  a l l  su r v iv in g  cra w fish  in  a l l  experim ents was 
determ ined a t  th e  term in ation  o f  each experim ent.
RESULTS AND DISCUSSION
Pond Study
I  found th a t  s ta g g e r e d  r e f lo o d in g  o f  cra w fish  ponds would p rov id e  
craw fish  in  th e  p re fer red  b a i t  s i z e  range o f  50-70  mm u n t i l  th e end 
o f th e r e g u la r  growing se a so n . Cum ulative s i z e  d is t r ib u t io n s  a t  
monthly in te r v a ls  fo r  a l l  trea tm en ts (T able 5 ) c l e a r ly  dem onstrate  
th a t t h is  s i z e  range was a v a i la b le  in  s ig n i f i c a n t  numbers from m id- 
October through the fo llo w in g  May.
Table 6  p rov id es  param eter t o t a l s  fo r  a l l  sam pling p e r io d s . A 
t o t a l  o f 25 ,783  cra w fish  were measured and sexed  from a l l  th ree  
trea tm en ts . S iz e  d is t r ib u t io n  was f a i r l y  even  through a l l  5 mm s iz e  
c la s s e s  up to  th e  71-75 mm s i z e  c l a s s .  Sex r a t io  was approxim ately  
1 :1 .  The m a jo r ity  o f th e  cra w fish  th a t  were m olt s ta g ed  were in  
in te r m o lt  (B-C ). A t o t a l  o f  7928 c r a w fish , 45 mm or g r e a te r , were 
marked, and th e r e  w ere 6548. r e c a p tu r e s . S ix ty ,  or 0.7% ,of a l l  
recaptured  c r a w fish , w ere caught in  ponds o th er  than the ones in  
which they were o r ig in a l ly  cau gh t. Dip n e t t in g  accounted fo r  55.6% 
o f the ca tch .
An a n a ly s is  o f  v a r ia n c e  was conducted to  determ ine w hether or 
not th ere  w ere any d if f e r e n c e s  among th e  t o t a l  le n g th s  o f  cra w fish  
in  th e  d i f f e r e n t  treatm ents (Appendix D -  T able 2 5 ) .  The model
56
T able 5 . S iz e  D is tr ib u t io n  fo r  A ll  Treatments fo r  S e le c te d  D a tes , Pond Study'*'.
S iz e  C lass (mm)(%)




































> 1 0 0
16 Sep 73 
(N=209) 5 .7 3 .3 1 4 .8 1 7 .2 2 6 .3 2 3 .4 5 .7 1 . 0 0 .5 0 .5 1 . 0 0 .5 0 0 0 0 0 0 0 0
14 Oct 73 
(N=711) 1 1 .7 1 7 .4 8 .9 1 7 .0 1 8 .1 8.9. 4 .5 2 .4 2 . 8 2 . 1 3 .2 2 . 0 0 .7 0 . 1 0 0 0 0 . 1 0 0
11 Nov 73 
(N=2081) 0 .5 17 .5 2 3 .7 1 3 .8 1 1 . 8 5 .0 3 .6 2 . 2 2 .7 3 .3 4 .7 4 .5 3 .4 2 . 1 1 .3 0 . 6 0 .7 0 . 6 0 .7 0 .3
8  Dec 73 
(N=1647) 0 . 1 3 .5 2 . 8 1 2 . 6 2 1 .4 1 9 .0 1 3 .0 4 .0 2 .3 3 .2 3 .6 6 .3 4 .1 0 .9 0 .4 0 . 6 0 .4 0 .4 0 .4 1 . 0
6  Jan 74 
(N=1446) 0 .5 0 .4 2 .4 4 .8 9 .9 1 8 .1 1 3 .3 1 2 . 2 6 .4 6 . 0 7 .1 10 .4 4 .3 1 .9 0 .4 0 .3 0 . 8 0 .4 0 . 2 0 .3
2 Feb 74 
(N=1628) 0 1 . 6 1 .7 3 .5 5 .5 8 .9 1 0 .5 7 .9 1 3 .4 12 .7 7 .8 9 .2 7 .9 5 .6 1 .4 0 . 6 0 .7 0 . 6 0 .3 0 .3
1 Mar 74 
(N=1716) 0 0 0 .5 0 .7 2 . 6 5 .3 1 0 .7 9 .2 8 .9 1 1 .4 1 1 .3 1 0 .5 12 .5 1 0 . 1 4 .0 1 . 2 0 . 6 0 .4 0 . 2 0 . 1
29 Mar 74 
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> 1 0 0
26 Apr 74 
(N =1313)- 0 0 0 0 . 1 0 . 2 0 . 2 2 . 2 4 .0 4 .7 1 0 .4 1 8 .4 1 8 .6 17 .2 10 .7 8 . 2 3 .8 0 . 6 0 .5 0 . 2 0 . 1
24 Hay 74
(N=1274) 0 . 2 1 .3 1 . 0 2 . 1 2 . 8 0 . 6 0 . 8 3 .4 4 .6 1 0 . 0 1 9 .8 1 3 .5 1 5 .5 1 1 .5 7 .9 2 .5 1 .3 0 . 6 0 . 1 0 . 1
x o ta ls  and p ercen ta g es  w ere ob ta in ed  by combining t o t a l s  fo r  each treatm ent on each date  
re g a r d le s s  o f  sam pling p e r io d (s )  in v o lv e d .
Ln
00
Table 6 . T o ta ls  fo r  Parameters Measured in  Pond S tu dy , A ll  Sampling P er io d s .
S iz e  D is tr ib u t io n
S iz e  C la ss  (mm)
1 0  < il­ 16- 2 1 - 26- 31- 36- 41- 46- 51 - 56- 61- 6 6 - 71- 76- 81- 8 6 - 91 - 96- > 1 0 0
ls 2 0 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 1 0 0
Number 196 853 1233 1563 2031 2078 1924 1504 1610 2251 2469 2765 2319 1472 732 353 162 117 78 73
P ercen t 0 . 8 3 .3 4 .8 6 . 1 7 .9 8 . 1 7 .5 5 .8 6 . 2 8 .7 9 .6 1 0 .7 9 .0 5 .7 2 . 8 1 .4 0 . 6 0 .5 0 .3 0 .3
Sex
N = 25783
Form I  Male Form I I  M ale/ 
Immature Male
Female










Crawfish l e s s  than 20 mm t o t a l  le n g th  w ere n o t se x e d .
N = 25783
UlM3
Table 6 . Continued  
Molt S tage
O2 A &-C
» t i t
D 1  “ D 2 D3"D4
Number 9182 572 10127 2906 2239 757
P ercen t 35 .6 2 .2  3 9 .3 1 1 .3 8 .7 2 .9
2
C rawfish l e s s  than 26 mm t o t a l  le n g th  w ere n o t m olt s ta g ed  and every o th er  




( >  45 mm)
Unmarked 
( <  45 mm)
T o ta l Recaptured -  
Same Pond
R ecaptured- T ota l 
Other Pond
Number 7928 17855 25783 6488 60 6548
P ercen t 30 .7 6 9 .3 9 9 .3 0 .7
Table 6. Continued
Capture Technique









u t i l i z e d  s p e c i f i c  pond ( r e p l ic a t io n )  means w ith in  treatm ents fo r  th e  
sam pling p er io d s  4 through 15 . R e c a ll th a t  sam pling p er io d s  and 
ca len d ar d a tes  d id  not correspond (T able 1 ) .  S im ultaneous d ip  
n e t t in g  and trapp ing w ere u t i l i z e d  during th o se  p e r io d s  o n ly .
S p e c if ic  so u rces  o f  v a r ia n c e  examined were trea tm en t, d n te , s e x ,  and 
capture tech n iq u e . A number o f  in t e r a c t io n s  w ere a ls o  a p art o f  the  
m odel. No d i s t in c t io n  was made betw een stock ed  and unstocked  
(c o n tr o ls )  ponds w ith in  trea tm en ts b ecause p o p u la tio n s  did not 
n o t ic e a b ly  d i f f e r  betw een them. No d is t in c t io n  was made between  
s e x u a lly  mature (form I )  and j u v e n i le  or s e x u a lly  in a c t iv e  (form I I )  
m ale cra w fish  fo r  t h i s  a n a ly s is .
S t a t i s t i c a l l y  s ig n i f i c a n t  d if f e r e n c e s  were found between  
tr e a tm e n ts , d a te s ,  and capture tec h n iq u e s . S t a t i s t i c a l l y  s ig n i f ic a n t  
in t e r a c t io n s  in c lu d ed  treatm ent x  d a te ,  trea tm en t x  capture tech n iq u e , 
d a te  x  capture tech n iq u e , and se x  x  cap tu re tech n iq u e . No 
s ig n i f i c a n t  d if f e r e n c e s  w ere found betw een s e x  and o th er  in te r a c t io n s .
Table 7 p r e se n ts  v a r io u s  treatm ent means fo r  t o t a l  le n g th  fo r  
sam pling p er io d s  4 through 15 . They r e v e a l l i t t l e  d if fe r e n c e  in  
se x  as exp ected ; how ever, c le a r  d if f e r e n c e s  appear betw een treatm ents  
and capture te ch n iq u es . O vera ll treatm en t means w ere 5 1 .0  mm for  
treatm ent 1 ,  5 7 .0  mm fo r  treatm ent 2 ,  and 5 2 .3  mm fo r  treatm ent 3.
Dip n e t and trap  means and t h e ir  combined means fo r  s e le c t e d  sam pling  
p er io d s  ( 4 ,  9 ,  15) dem onstrate a c o n s is t e n t ,  treatm ent s p e c i f i c  
in c r e a s e  in  cra w fish  s i z e  fo r  s u c c e s s iv e  d a tes  (Table 8 ) .
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T able 7 . V arious Treatment Means f o r  T o ta l Length fo r  Sampling  
P eriod s 4 -1 5 1 Combined, Pond S tu dy .*■
Sex Means as a F unction  o f  Capture Technique
Capture
Technique T rt 1 Trt 2 Trt 3






3 8 .3  +  1 .6
3 7 .5  + 1 .6
6 2 .6  + 1 . 6
6 5 .4  +  1 .6
4 6 .4  + 1 .6
4 5 .8  + 1 .6
6 7 .6  + 1 .7
6 9 .3  + 1 .7
45 .9  + 1 .6  
4 5 .1  + 1 .6
5 9 .4  + 1 .6
5 9 .5  + 1 .6
Capture Technique Means
Capture
Technique T rt 1 T rt 2 Trt 3
Dip Net 37 .9  + 1 .1 4 6 .1  + 1 .2 4 5 .5  + 1 . 1




Sex ____________T rt 1________________ T rt 2____________ T rt 3
Male 5 0 . 5 + 1 . 1  5 6 . 7 + 1 . 2  5 2 . 5 + 1 . 2
Female 5 1 .4  +  1 .1  5 7 .4  + 1 .2  5 2 .1  + 1 .2
Table 7. Continued
O v e r a ll Treatm ent Means
Trt 1 Trt 2 Trt 3
5 1 .0  + 1 . 0 5 7 .0  +  1 .0 5 2 .3  +  1 .0
^Means p lu s  95% co n fid en ce  in t e r v a l s .
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Table 8 . Mean S iz e  (mm) o f  Craw fish Caught by D if fe r e n t  Methods 
a t  S e le c te d  Sampling P e r io d s , Pond S tu d y .1
Sampling Sampling Technique Cum ulative
P er iod Dip N et Trep Mean
Number 4
T rt 1 3 2 .0  + 4 .8 6 7 .3  + 4 .8 4 9 .7  +  1 0 .7
T rt 2 3 7 .9  + 4 .8 7 2 .0  + 5 .1 5 3 .8  +  1 1 .1
Trt 3 3 3 .1  + 4 .8 5 5 .1  + 5 .1 4 3 .4  +  1 1 .1
Number 9
Trt 1 3 6 .0  + 4 .8 6 1 .7  + 4 .8 4 8 .9  +  1 0 .7
T rt 2 4 6 .7  +  4 .8 7 0 .5  +  4 .8 5 8 .6  +  1 0 .7
T rt 3 4 5 .7  + 4 .8 5 5 .1  + 5 .1 5 2 .1  + 1 0 .7
Number 15
T rt 1 5 1 .0  +  4 .8 5 7 .7  + 5 .5 5 4 .3  +  1 0 .7
Trt 2 6 0 .5  + 6 . 8 7 6 .2  + 5 .5 6 9 .3  +  12 .9
Trt 3 5 3 .6  + 4 .8 6 6 .1  + 4 .8 5 9 .9  + 1 0 .7
"^Values are means + 95% co n fid en ce  in t e r v a l .
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An ex p la n a tio n  fo r  treatm ent d if f e r e n c e s  can be found in  
p o p u la tio n  e s t im a te s .  Mean p o p u la tio n  e s t im a te s  as determ ined by 
the Schnabel m u lt ip le  mark and recap tu re  method (L a g le r , 1969) were 
2288 fo r  treatm ent 1 (572 p er p on d), 1885 fo r  treatm en t 2 (471 per  
p o n d ), and 2347 fo r  treatm ent 3 (587 per p on d). The data u t i l i z e d  to  
o b ta in  th e se  v a lu e s  are  found in  Appendix E. Treatment 2 , w hich had 
the la r g e s t  c r a w fish , c le a r ly  had a low er p o p u la tio n  o f  cra w fish  
la r g e r  than 45 mm.
The d if f e r e n c e  in  treatm en t means i s  a ls o  echoed in  d if f e r e n c e s  
betw een s i z e  d is t r ib u t io n s  o f mature (form I )  male c ra w fish . When 
male cra w fish  m ature, they cea se  to  grow during th a t growing sea so n  
(A vault e t  a l . ,  1974; G oyert, 1 9 7 5 ). T able 9 p ro v id es  cum ulative  
treatm ent s i z e  d is t r ib u t io n s  o f  form I  male cra w fish  in  5 mm s i z e  
c la s s e s  fo r  sam pling p er io d s  4 through 15. Form I  m ales are c le a r ly  
la r g e r  in  treatm ent 2 . M aturation in  t h i s  s i z e  range (55 -80  mm) has 
been rep orted  by Penn (1 9 4 3 , 1956) and Suko (1 9 5 3 ) , b u t th e  minimum 
com m ercially  a c c e p ta b le  s i z e  (human consum ption) fo r  P̂ . c la r k i i  i s  
75 mm (A vault e t  a l . ,  1 9 7 4 ). Crawfish in  t h is  stu d y  w ere n ot fe d ,  
and rep rod u ction  was comparable to  th a t  w hich I have observed  in  
com m ercial s i t u a t io n s  (unpub lished  d a ta ) .  Svardson (1949) and 
A vault e t  a l .  (1974) b oth  noted  m aturation  a t sm a ll s i z e s  in  h igh  
d e n s ity  cra w fish  p o p u la tio n s  when food  s u p p lie s  w ere l im ite d .  The 
p o p u la tio n s  th a t Penn and Suko s tu d ie d  cou ld  be con sid ered  to  be 
p roducts o f  such h igh  d e n s ity ,  l im ite d  food environm ents.
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T able 9 . C um ulative, Treatment S iz e  D is tr ib u t io n s  o f  Form I  Male 
C rawfish in  5 mm S iz e  C la sses  fo r  Sampling P er iod s 4 -1 5 , 
Pond Study.
S iz e  C lass (mm)____________T rt 1______  T rt 2_______  T rt 3
51-55 0 0 0 .9
56-60 6 . 6 2 .3 2 .7
61-65 3 0 .8 1 4 .2 1 4 .2
66-70 6 0 .7 2 9 .5 3 2 .2
71-75 8 1 .1 45 .9 58 .9
76-80 8 7 .3 67 .9 8 1 .0
>  80 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
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F igure 2 p r e se n ts  th e  a c tu a l number o f  form I  male cra w fish  
caught in  each treatm ent on s u c c e s s iv e  d a te s .  These data p rov id e  
in form ation  on th e p o p u la tio n  dynamics o f  each  trea tm en t. Treatm ents 
1 and 2 r e v e a l peaks o f  y o u n g -o f-th e -y e a r  m aturation  in  l a t e  October 
and la t e  November, r e s p e c t iv e ly .  A second peak i s  reached during  
A p r il and May in  both trea tm en ts . However, th e  o n ly  peak in  
treatm ent 3 i s  found during A p r il and May. M aturation o f th e  f i r s t  
wave o f recru itm en t fo r  treatm en ts 1  and 2  took  p la c e  in  approxim ately  
s i x  w eeks. I  have observed (unpublished  d a ta ) a s im ila r  phenomenon 
in  a 40 ha com m ercial cra w fish  pond th a t  was r e flo o d e d  approxim ately  
1 September 1973. N orthern s p e c ie s  can reach  se x u a l m atu rity  in  
r e l a t iv e l y  sh o r t  growing sea so n s  o f  th ree  to  four months (Tack,
1941; Momot, 1967; P r in s , 1 9 6 8 ). However, t h i s  d i s s e r t a t io n  i s  th e  
f i r s t  rep o rt o f  f i e l d  o b serv a tio n  o f  m aturation  in  p er io d s  o f  two 
months or l e s s  fo r  £ .  c l a r k i i  a lth ou gh  Goyert (1975) and B lack  (1975, 
P e r s . Comm.)* have noted  t h is  phenomenon in  th e  la b o ra to ry .
Spring peaks o f  m atu ration  in  trea tm en ts 1 and 2 ap p aren tly  were 
th e  r e s u l t  o f  m aturation  o f  young th a t  r e c r u ite d  to  th e  p o p u la tio n  
a f t e r  i n i t i a l  r e f lo o d in g . F ie ld  p o p u la tio n s  o f  J?. c la r k i i  norm ally  
reach m atu rity  in  L ou isian a  in  A p r il and May. Growth r a te s  o f  th o se  
f i e l d  p o p u la tio n s  w ere much s lo w er  in  th e w in ter  than f a l l  or sp rin g  
(Penn, 1943, 1956; LaCaze, 1970; Sheppard, 1 9 7 4 ). Such reduced
r e r s .  Comm., 13 March 1975 , J .  B. B la ck , Department o f  B io lo g y , 
McNeese S ta te  U n iv e r s ity ,  Lake C h a r les , L o u is ia n a .
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growth r a te s  cou ld  accou n t fo r  th e  d elayed  m aturation  observed in  
treatm ent 3.
F a ll  and sp r in g  peaks o f  m aturation  su g g e st  th e  p o s s i b i l i t y  o f  
two g en era tio n s  o f  ]?. c l a r k i i  p er  y ea r ; how ever, d ata  to  support t h is  
p o in t are  weak. Table 5 p r e se n ts  s i z e  d is t r ib u t io n s  o f  cra w fish  fo r  
a l l  trea tm en ts a t  monthly in t e r v a l s .  I f  cra w fish  l e s s  than 25 mm are  
accep ted  to  rep re se n t f a i r l y  recen t rec ru itm en t, then  recru itm en t  
took p la c e  p redom inately  from September through November. The 24 May 
d ate  does dem onstrate some l a t e  sp r in g  rec ru itm en t, but i t  i s  
c e r ta in ly  n ot very  s tr o n g . There i s  alw ays th e  p o s s i b i l i t y  th a t  had 
the stud y  n ot been term inated  in  May, June sam pling might have 
rev ea led  a d d it io n a l recru itm en t. Suko (1956) s tu d ie d  a Japanese  
p o p u la tio n  o f P_. c l a r k i i  and found f a l l ,  w in te r , and sp rin g  
rep ro d u ctio n . Penn (1 9 4 3 , 1956) rep orted  th e  p resen ce  o f r e c e n t ly  
hatched young throughout th e  y ea r . He d ism issed  as asynchronous 
and in s ig n i f i c a n t  recru itm en t th a t  d id  n o t take p la c e  during A ugust, 
Septem ber, and O ctober. However, A vault e t  a l .  (1974) have found 
s ig n i f i c a n t  recru itm en t in to  m id -w in ter in  com m ercial cra w fish  ponds. 
Commercial ponds are drained  from e a r ly  May or June through  
September or O ctober (LaCaze, 1970 ); th u s, A p r il ,  May, or June 
recru itm en t would be masked, su r v iv in g  in  burrows i f  a t  a l l .
T ab les 10 and 11 p r esen t m olt s ta g e  o f  cra w fish  caught w ith  
d ip  n e t  and tr a p s , r e s p e c t iv e ly ,  fo r  sam pling p er io d s  4 , 9 , and 15 as  
w e ll  as t o t a l s  fo r  th e  e n t ir e  p eriod  (4 -1 5 ) .  They c le a r ly  show th a t
Table i q . M olt S tage o f Dip Net Sampled Crawfish, a t  S e le c te d  Sampling P e r io d s , Pond Study.
Sampling P eriod   M olt S tage  (% o f  C rawfish M olt Staged)
b- c do- d "  Dr ’-D2 d3-d4
Number 4
T rt 1 1 .9 3 9 .0 2 2 . 1 2 8 .6 8 .4
Trt 2 8 .7 43 .5 1 4 .7 1 8 .5 1 4 .7
T rt 3 1 5 .7 1 3 .8 28 .7 2 9 .6 1 2 . 0
Number 9
Trt 1 10 .7 3 9 .5 1 8 .1 2 3 .2 8 .5
T rt 2 1 . 2 67 .1 1 1 . 2 12 .4 8 . 2
Trt 3 2 .3 6 6 . 0 1 7 .0 1 2 . 0 2 .7
Number 15
T rt 1 4 .2 55 .2 1 1 . 2 2 7 .8 5 .6
T rt 2 5 .2 6 8 . 8 1 4 .6 8 .3 2 . 1
T rt 3 5 .7 62 .9 1 2 . 6 1 3 .7 5 .1
T o ta ls  (C um ulative)
Numbers 4 -15  5 .9  5 0 .3  1 8 .4  1 8 .1  7 .3
T able 11. M olt S tage o f  Trap Sampled C rawfish a t  S e le c te d  Sampling P e r io d s , Pond Study.
Sampling P eriod   M olt S tage  (% o f Crawfish M olt S taged)
B- c  dq- d ”  ^ , f -D 2  d 3 - d 4
Number 4
Trt 1 0 . 6 80 .7 1 4 .5 4 .2 0
Trt 2 0 8 6 . 8 5 .3 7.9 0
T rt 3 0 69 .6 1 5 .9 14 .5 0
Number 9
T rt 1 0 74 .2 1 1 .4 1 3 .6 0 . 8
Trt 2 0 8 1 .0 1 0 .9 8 . 1 0
T rt 3 0 7 0 .8 2 0 .5 8 . 1 0 . 8
Number 15
T rt 1 0 77 .2 1 4 .0 8 . 8 0
T rt 2 0 8 9 .2 6 .3 4 .5 0
T rt 3 0 86 .5 8 .9 4 .6 0
T o ta ls  (Cum ulative)
Numbers 4-15 0 . 1 76 .2 1 6 .0 7 .7 0 . 1
74
more prem olt and s o f t  cra w fish  are  caught w ith  d ip  n e ts  (approxim ately  
50%) than w ith  tra p s  (ap p roxim ately  24%). O b servations during th e  
co u rse  o f the m o ltin g  experim ents d isc u sse d  below  dem onstrated th a t
* • i
once a cra w fish  en tered  m id-prem olt (D  ̂ -I^ )  th&y ceased  to  e a t .
Passano (1960) rep orted  the same phenomenon fo r  cru sta cea n s  in  
g e n e r a l. Thus m id-prem olt or l a t e  prem olt (D^-D^) cra w fish  would 
probably not be a t tr a c te d  to  a tra p . Larger c r a w fish , approaching  
m a tu r ity , probably do not m olt as fr e q u e n tly  as young cra w fish .
S in ce  th e  d ip  n e t c le a r ly  s e le c t e d  young cra w fish  (T ab les 7 and 8 ) ,  
i t  i s  n o t su r p r is in g  th a t  many w ere in  th e  prem olt s ta g e  or had j u s t  
m olted .
S o f t -S h e l le d  C raw fish P rod u ction  
M olting Experim ents
I  was a b le  to  produce s o f t - s h e l l e d  cra w fish  in  th e  p re fer red  
s i z e  range o f  50 -70  mm by p e r m ittin g  them to  m olt n a tu r a lly .  I  d id  
n ot have to  u se  hormonal in j e c t io n  or e y e s ta lk  l i g a t io n .  My 
p r e s e n ta t io n  o f r e s u l t s  and t h e ir  d is c u s s io n  w i l l  be d iv id ed  in to  
th ree  g en era l a r e a s . The f i r s t  to p ic  w i l l  in c lu d e  th e  tim e u n t i l  
f i r s t  la b o ra to ry  m olt fo r  a l l  cra w fish  in  a l l  experim ents and the  
d u ra tio n  o f  prem olt s u b s ta g e s . The second to p ic  w i l l  co n sid er  
v a r ia t io n  in  th e  d u ra tion  o f  th e  i n i t i a l  in te r m o lt  p er iod  o f  
u n trea ted  cra w fish  from experim ent 1  and c o n tr o l cra w fish  from 
experim ents 3 ,  4 , 5 , and 6 . The th ir d  to p ic  w i l l  in c lu d e  d is c u s s io n
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of th e s p e c i f i c  e f f e c t s  o f hormonal in j e c t io n  (exp erim en ts 3 , 4 , 
and 5) and e y e s ta lk  l i g a t io n  (experim ent 6 ) on th e d u ra tio n  o f  th e  
i n i t i a l  in te r m o lt  p er io d  o f  tr e a te d  v ersu s  c o n tr o l c ra w fish .
F ir s t  L aboratory M olt and D uration  o f  Prem olt S u b sta g es;
A t o t a l  o f  299 cra w fish  w ere used in  th e  s i x  m o ltin g  exp erim en ts. 
Over h a l f  (59.7%) were i n i t i a l l y  in  in te r m o lt  (s ta g e  C) or very e a r ly  
prem olt (su b sta g e  D0) (T able 1 2 ) .  Of th e se  295 m olted a t  l e a s t  once 
and 265 m olted  w ith in  ten  days o f  th e  b eg in n in g  o f  th e  experim ents  
(T able 1 3 ) .  C raw fish th a t  w ere in  l a t e r  prem olt su b sta g es  (D^-D^) 
when p laced  in  cages m olted  soon er than th o se  th a t w ere n o t . The 
d if f e r e n c e  betw een th e  two groups was h ig h ly  s ig n i f i c a n t  (P C 0 .0 1 )  
(Appendix D -  T able 2 6 ) .  S in ce  a l l  cra w fish  were j u v e n i le ,  th ere  was 
ap p aren tly  no m olt in h ib i t io n  o f  th e  i n i t i a l  la b o ra to ry  m olt due to  
se x u a l m aturation  (Scudmore, 1 9 42a).
F igure 5 p r e se n ts  th e  e m p ir ica l means o f  the number o f  days to  
m olt o f  th e  v a r io u s  prem olt su b s ta g e s . Data were ob ta in ed  by 
com bining o b serv a tio n s  fo r  a l l  u n trea ted  craw fish  in  a l l  trea tm en ts . 
The w id e s t  co n fid en ce  in t e r v a l  i s  found a t su b sta g e  D0 . T his i s  
probably due to  the a r r e s t  or  d e la y  o f  prem olt p r o g r e ss io n  in  su b stage  
D0 . A s im ila r  phenomenon has been rep orted  by Rao e t  a l .  (1972) 
in  cra w fish  and Aiken (1973) in  lo b s t e r s .  The g r e a te s t  v a r ia n c e  in  
d u ra tio n  o f t h is  su b sta g e  occurred  a f t e r  th e  i n i t i a l  la b o ra to ry  
m olt in  experim ents 5 and 6 . This s u b je c t  w i l l  be more f u l ly  tr e a te d  
below .
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Table 12 . Cum ulative Frequency, M olt S ta g e  When C raw fish P laced  in  
Cages P r io r  to  F ir s t  Laboratory M olt, M oltin g  S tudy.
Stage Frequency P ercen t Cum ulative P ercen t
C 123 4 7 .7 4 7 .7
Do 31 1 2 . 0 5 9 .7
t
» 1 33 1 2  • 8 7 2 .5
9 V
» 1 1 1 4 .3 76 .7
1 1 1
D 1 2 0 7 .8 8 4 .5
d2 23 8 .9 9 3 .4
d 3 1 1 4 .3 9 7 .7
d4 __ 6 2 .3 1 0 0 . 0
2 5 8 1 1 0 0 . 0 1 0 0 . 0
"blolt s ta g e  a t  i n i t i a t i o n  o f  experim ents a v a ila b le  fo r  258 o f  
299 cra w fish  u sed .
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T able 13. Cum ulative Frequency, Days to  F ir s t  L aboratory M olt, 
M olting S tudy.
Days Frequency P ercen t C um ulative P ercen t
1 18 6 . 0 6 . 0
2 29 9 .7 1 5 .7
3 13 4 .3 2 0 . 0
4 29 9 .7 29 .7
5 32 1 0 .7 4 0 .4
6 45 1 5 .1 5 5 .5
7 36 1 2 . 0 6 7 .5
8 34 1 1 .4 78.9
9 2 2 7 .4 8 6 .3
1 0 17 5 .7 9 2 .0
1 1 9 3 .0 9 5 .0
1 2 4 1 .3 9 6 .3
13 3 1 . 0 9 7 .3
15 2 0 . 8 9 8 .1
18 1 0 .3 9 8 .4
28 1 0 .3 9 8 .7
No M olt 4 1 .3 1 0 0 . 0
299 100.0 100.0
Figure 3 D uration  o f V arious Prem olt S u b stages fo r  U ntreated  
C raw fish , Means p lu s  95% C onfidence I n te r v a ls ,  









( 9 .1 - 7 . 3) 2
5 . 1 1
( 5 .4 - 4 .8 ) 2
3 .4 1
( 3 .6 - 3 .2 ) 2 1
2 .3
(2 . 4 - 2 . 2 ) 2 1 . 6 1
( 1 .8 - 1 .4 ) 2 l . l 1 1
( 1 .3 - 0 .9 ) 2 0 . 6








D 1 D 2 D3 D4
(n-99) (n*165) (n=71) (n=145) (n=89) (n=63) (n=33)
Prem olt Substage
■̂ Mean; 2  95% con fid en ce in te r v a l .
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D uration  o f I n i t i a l  In term o lt P e r io d , U ntreated  C raw fish :
The f i r s t  m o ltin g  experim ent was in ten d ed  to  p rov id e  b a s e lin e  
in fo rm a tio n  on i n i t i a l  in te r m o lt  d u ra tion  o f  50 -70  mm c r a w fish . The 
mean in te r m o lt  d u ra tio n  fo r  th a t experim ent was 1 0 .9  days (T able 1 4 );  
how ever, th ere  was v a r i a b i l i t y  in  th e  in te r m o lt  d u ra tion  o f  u n treated  
c o n tr o ls  th a t  came from th e  same so u rce  (Ben Hur C en ter ) . Those 
in te r m o lt  p er io d s  w ere 9 .6  days fo r  experim ent 3 , 1 2 .4  days fo r  
experim ent 4 ,  and 1 9 .1  days fo r  experim ent 5 (Table 1 4 ) . An a n a ly s is  
o f v a r ia n c e  (Appendix D -  Table 27) fo r  d if f e r e n c e s  in  th e  in te r m o lt  
d u ration  betw een th e  fou r  experim ents re v e a le d  h ig h ly  s ig n i f ic a n t  
(P 0 .0 1 )  d if f e r e n c e s .  V a r ia b i l i t y  in  numbers o f  craw fish  in v o lv ed  
precluded  s p e c i f i c  (o rth o g o n a l) com parisons o f  trea tm en ts . Over­
lap p in g  co n fid en ce  in t e r v a ls  (T able 14) su g g e st  th a t  the g r e a te s t  
v a r ia t io n  i s  betw een experim ent 5 and th e  o th e r s .
Summer appears to  be a q u ie sc e n t  sea so n  fo r  many p o p u la tio n s  
o f £ .  c l a r k i i  in  L o u is ia n a  (Penn, 1943, 1956; LaCaze, 1970; Sheppard, 
1974); th e r e fo r e , one would not ex p ec t cra w fish  to  be m o ltin g  as  
fr e q u e n tly  during t h is  p er io d  i f  th ey  were en v iron m en ta lly  programmed. 
The numbers o f  form I  v ersu s  form I I  m ales a t  th e term in a tio n  o f  
experim ents 1 , 3 , 4 , and 5 c le a r ly  r e f l e c t  in c r e a s in g  m aturation  
through experim ent 5 (T able 1 5 ) .  Aiken (1969) found th a t  lon g  
photophases would in d u ce m olt in  j u v e n i le  (). v i r i l i s  during t h e ir  
w in ter  q u ie sc e n t  p e r io d . That i s ,  th ey  were s e a s o n a lly  programmed not 
to  m olt and abnormal c o n d it io n s  (e le v a te d  tem peratures and long  
p h otoph ases) were n e c e ssa r y  to  in d u ce m o lt. I t  would not be
Table 1 4 . I n i t i a l  Laboratory In term olt D uration (d a y s) , M olting Study. 
U ntreated  Crawfish
In term o lt Experiment
D uration 1 3 4 5
Mean 1 0 .9  (N=46) 9 .6  (N=24) 1 2 .4  (N=21) 1 9 .1  (N -12)
95% C onfidence  
I n te r v a l
1 2 .0  -  9 .8 1 1 . 8  -  8 . 1 1 4 .0  -  1 0 .8 2 1 .4  -  1 6 .8
Treated versu s C ontrol Crawfish
In term olt Experiment
D uration 3 4 5 6
T reated
Mean 
95% C .I .
1 0 .9  (N=24) 
1 1 . 8  -  1 0 . 0
8 . 8  (N=26) 
1 0 .0  -  7 .6
1 6 .7  (N=22) 
2 0 .2  -  1 3 .2
1 1 . 1  (N=2 1 )
1 3 .1  -  9 .1
C ontrol
Mean 
95% C .I .
9 .6  (N=24) 
1 0 .5  -  8 .7
1 2 .4  (N=21) 
1 3 .7  -  1 1 .1
1 9 .1  (N=12) 
2 4 .0  -  1 4 .2
2 3 .6  (N=12) 
2 6 .4  -  2 0 .8
T able 15 . S ta te  o f  M aturity  o f Male Crawfish a t  T erm ination o f M olting  
Experim ents 1 , 3 , 4 , 5 , 6 .
 Expt 1 Expt 3 Expt 4 Expt 5____________ Expt 6
Mature (3  ̂ 0 9 6  17 1
Immature ( I I )  26 15 17 7 24
% Mature 0 3 7 .5  2 6 .1  7 0 .8  4 .0
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s u r p r is in g ,  th en , to  s e e  a sou th ern  s p e c ie s  w ith  a summer q u ie sc e n t  
p er io d  respond to  summer cues ( in c r e a s in g  p h otop h ases , in c r e a s in g  
tem p era tu res, d rou gh t, and o th e r s )  in  th e  same manner th at j u v e n ile  
0 . v i r i l i s  respond to  normal w in te r  cu es .
The in te r m o lt  d u ra tio n  fo r  th e  experim ent 6  c o n tr o l group 
(2 3 .1  days) was n o t in c lu d ed  in  th e  com parisons made above fo r  
s e v e r a l  r e a so n s . F i r s t ,  th e  cra w fish  d id  n ot come from the same 
so u rce . Those u sed  in  experim ent 6  were caught in  a commercial 
craw fish  pond where w ater  chem istry  was very  d i f f e r e n t  from th a t o f  
the Ben Hur Center and the exp erim en ta l ap p aratu s. The commercial 
pond had a c id ic  to  n e u tr a l pH's and m oderate a l k a l i n i t i e s  and t o t a l  
hardness l e v e l s  (50 -75  ppm) . Ben Hur C enter and exp erim en ta l 
apparatus pH's were b a s ic ,  and a lk a l in i t y  and t o t a l  hardness l e v e l s  
were much h ig h er  (100-200  ppm). Thus, the cra w fish  used in  experim ent 
6  were probably su b je c te d  to  g r e a te r  environm ental shock than th ose  
used in  th e  o th er  exp erim en ts.
Second, exam ination  o f  nonm olting craw fish  rev e a led  th a t most o f  
th o se  in  experim ent 5 were in  in te r m o lt  s ta g e  C w h ile  most o f  th o se  
in  experim ent 6  were in  a r r e s te d  prem olt su b sta g e  DQ (Table 1 6 ) .
T h is aga in  p o in ts  to  la b o ra to ry  m olt in h ib i t io n  in  experim ent 6  and 
se a so n a l m olt in h ib i t io n  in  experim ent 5.
T h ird , th ere  was o n ly  one form I  male in  experim ent 6  (T able 15) 
w hich , based  on data  from p rev io u s ex p er im en ts , s u g g e s ts  a p o p u la tio n  
which should  be growing u n le ss  e x te r n a lly  in h ib it e d .
T able 16. M olt S ta tu s o f  Nonm olting C ontrol Crawfish in  M olting Experim ents 5 and 6 .
Experiment
About to  
Molt
In term o lt (C ), Escaped 
B efore M olt In term olt (C)
A rrested  
Prem olt (Dc )
No. 0 2 6 4
5
% 0 1 6 .7 5 0 .0 3 3 .3
No. 1 2 0 1 0
6
% 7.7 15 .4 0 76.9
00
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F in a l ly ,  tr e a te d  and c o n tr o l cra w fish  in  experim ents 3 and 4 were
i
ev en ly  d iv id ed  betw een in te r m o lt  (C) and e a r ly  prem olt (Dq-D^) a t  the  
tim e o f  trea tm en t, fou r  days a f t e r  i n i t i a l  la b o ra to ry  m olt (T ab le 1 7 ) .  
Those in  experim ent 6  w ere a l l  in  in te r m o lt  (C) a t  th e  same tim e  
in t e r v a l  fo llo w in g  i n i t i a l  m o lt . S in ce  the p o p u la tio n  o f craw fish  
from which experim ent 6  cra w fish  w ere o b ta in ed  was a c t iv e ly  growing 
in  O ctober w ith  a t  l e a s t  one m olt every  te n  days (unpub lished  d a ta ) ,  
th e in e sc a p a b le  c o n c lu s io n  i s  th a t m o ltin g  o f  c o n tr o l cra w fish  in  
experim ent 6  was b e in g  in h ib it e d .
E f f e c t s  o f  Hormone I n je c t io n  and E y esta lk  L ig a tio n  on D uration  o f  
I n i t i a l  In term o lt P e r io d ;
In experim ent 3 M olting Form ulation No. 1 was n o t e f f e c t i v e  in  
in d u cin g  e a r ly  m olt in  tr e a te d  cra w fish  when in je c te d  a t  th e  r a te  o f  
20 j i l  p er  cra w fish  fou r days a f t e r  i n i t i a l  la b o ra to ry  m o lt. The 
d if fe r e n c e  betw een in te r m o lt  p er iod  o f  trea ted  (1 0 .9  days) v ersu s  
c o n tr o l (9 .6  days) craw fish  (T ab le 1 4 ) ,  was s t a t i s t i c a l l y  s ig n i f i c a n t  
(P 0 .0 5 )  (Appendix D -  Table 2 8 ) . The m a te r ia l was rep orted  to  
have been u s e fu l  in  sy n ch ro n iz in g  m olts o f  mature Ch r u s t ic u s  a t  
th e same in j e c t io n  ra te  (Heyman, 1971) but was s l i g h t l y  in h ib ito r y  
in  ju v e n ile  P_. c l a r k i i . I t  i s  p o s s ib le  th a t  th e  form ula i s  s p e c ie s  
s p e c i f i c  a lthough  i t  i s  not marketed as su ch . However, th e  key may 
be th a t  i t  was d esign ed  fo r  a d u lt  northern  s p e c ie s  w ith  50-60 day 
in term o lt  p er iod s whereas th e ju v e n i le  P̂ . c l a r k i i  were m o ltin g  a t  a 
much f a s t e r  r a te .
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T able 1 7 . M olt S ta g e  a t  Time o f  T reatm ent, M olting  Experim ents 
3 , 4 ,  5 ,  and 6 .
Experim ent
C




T o ta l
Expt 3^
Treatment 2 8 .0 5 2 .0 2 0 . 0 25
C ontrol 2 9 .2 2 5 .0 4 5 .8 242
Expt 4^
Treatm ent 3 8 .5 5 0 .0 1 1 .5 26
C ontrol 4 5 .8 37 .5 1 6 .7 24
Expt 5^
Treatm ent 1 0 0 - - 25
C ontrol 1 0 0 - - 25
Expt 6 *
Treatm ent 1 0 0 - - 234
C ontrol 1 0 0 - - 24
^Treated 4 days a f t e r  i n i t i a l  lab  m o lt.
2
One c o n tr o l d ied  s h o r t ly  a f t e r  i t s  i n i t i a l  lab  m o lt .
3T reated  1 day a f t e r  I n i t i a l  lab  m o lt.
4
Two tr e a te d  cra w fish  d ied  from trea tm en t.
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In experim ent 4 ,  ecd y stero n e  induced e a r ly  m olt in  cra w fish  when 
in j e c t e d  a t  the r a te  o f  3 jug p er g body w e ig h t fou r  days a f t e r  
i n i t i a l  la b o ra to ry  m o lt . The d if f e r e n c e  betw een tr e a te d  ( 8 . 8  d ays)  
and c o n tr o l (1 2 .4  days) cra w fish  (T able 14) was h ig h ly  s ig n i f ic a n t  
(P 0 .0 1 )  (Appendix D -  T able 2 8 ) . However, th e  m a jo r ity  o f  
tr e a te d  cra w fish  d ie d  during m olt (72%). M olt s ta g e  a t  th e  tim e o f  
treatm en t d id  n ot appear to  d i f f e r  g r e a t ly  betw een  s u c c e s s f u l  and 
u n su c c e ss fu l m olters (T able 1 8 ) . The d if f e r e n c e  betw een  days to  
m olt o f  cra w fish  in j e c t e d  in  in te r m o lt  (C) and th o se  in je c t e d  in  
e a r ly  prem olt (D0 -E^) ( 9 .7  +  1 .5  days v ersu s 8 . 2  +  1 . 1  d ays) was not 
s ig n i f i c a n t  (Appendix D -  T able 2 9 ) .  I t  i s  p o s s ib le  th a t in s u f f i c i e n t  
q u a n t it ie s  o f  ecd y stero n e  w ere in je c te d  in to  s u c c e s s fu l  m o lters due 
to  leak age when th e  n e e d le  was removed. However, Warner and 
S tevenson  (1972) rep orted  s u c c e s s fu l  m o ltin g  o f  a d u lt  (). obscurus 
when they were in j e c t e d  w ith  2 .1 4  jug per g o f  alpha ecdysone and 
ecd y stero n e  d uring  th e  normal growing sea so n s  o f  sp r in g  and summer 
alth ou gh  50% o f th e cra w fish  r e c e iv in g  th e  two hormones d ied  during  
m oltin g  in  th e  s p r in g . A ll  cra w fish  in je c te d  during th e  w in ter  
q u ie sc e n t p er io d  d ied  during m olt. T h erefo re , s u c c e s s fu l  m oltin g  o f  
P_. c l a r k i i  a f t e r  in j e c t io n  o f  ecd y stero n e was probably n o t th e  r e s u l t  
o f  hormone le a k a g e .
Those cra w fish  th a t  d ied  during m olt in  experim ent 4 were  
unable to  e x tr a c t  th em selves from t h e ir  o ld  e x o s k e le to n s . They d ied  
during A ik en 's  (1968) m olt su b sta g es  Ei and E2  and during a m od ified  
su b sta g e  th a t  I  have termed E3 5  (T able 1 8 ) . The l a t t e r  s ta g e  i s  a
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v a r ia t io n  betw een A ik en 's  E3  and E^. In  E3  th e  abdomen i s  c lea red  
from th e  o ld  abdominal e x o sk e le to n  and in  E  ̂ th e  th o r a c ic  appendages 
are removed from the o ld  e x o sk e le to n . C raw fish  dying during E3  3  
were a b le  to  e x tr a c t  s e v e r a l  th o r a c ic  appendages but th e abdomen 
remained in  p la c e . The abnormal nature o f  th e  E  ̂ 5  su b sta g e  su pp orts  
the c o n c lu s io n s  o f  o th e r  workers th a t ecd y stero n e  in j e c t io n s  g e n e r a lly  
c o n s t i t u t e  overd oses (Krishnakumaran and Schneiderm an, 1970; Warner 
and S tev en so n , 1972; and o th e r s ) .
In  experim ent 5 , ecd y stero n e  in je c t e d  one day a f t e r  m olt d id  
not speed  up m olt o f  tr e a te d  cra w fish  when in je c te d  a t  th e  r a te  o f  
3 jig p er  g body w e ig h t . The d if f e r e n c e  betw een i n i t i a l  in te r m o lt  
d u ra tio n  fo r  tr e a te d  (1 6 .7  days) v ersu s c o n tr o l (1 9 .1  days) 
cra w fish  (T able 14) was not s t a t i s t i c a l l y  s ig n i f i c a n t  (P >  0 .0 5 )  
(Appendix D -  T able 2 8 ) . However, ecd y stero n e  d id  appear to  
f a c i l i t a t e  m olt in  th a t  2 2  tr e a te d  cra w fish  m olted as opposed to  
on ly  12 c o n tr o ls .  I  o r ig in a l ly  thought th a t  I  was in j e c t in g  th e  
cra w fish  during p o stm o lt s ta g e  B based  on S tev en so n 's  (1972b) m olt 
s ta g in g  c r i t e r i a ,  b u t c a l c i f i c a t i o n  d ata  to  b e p resen ted  below  
s tr o n g ly  su g g e st  th a t  w ith in  24 hours p o s tm o lt , ju v e n ile  P  ̂ c la r k i i  
are a lrea d y  in  p o stm o lt s ta g e  C^. Thus, th e  craw fish  were in je c te d  
a t a s ta g e  when t h e ir  system s m ight be exp ected  to  respond to  
ecd y stero n e  based on m olt s ta g e  t i t e r s  rep orted  by W il l ig  and K e lle r  
(1973) and C a r l i s l e  and Connick (19 7 3 a , 1973b ). S tevenson  and 
T schantz (1973) noted  th a t  ecd y stero n e  in j e c t io n  has a p o s i t iv e  
feedback  in  s t im u la t in g  a d d it io n a l hormone p ro d u ctio n . I  found th a t
T able 18* M olt S tage a t  Treatment and a t  D eath , M olting  Experiment Number 4 .
M olt S tage  a t Treatment M olt S tage a t  Death
M olted S u c c e s s fu l ly
C Dc -  D i1
Died
C
in  M olt . 
Do ~ D 1 E 1 E 2 E3 .5
No. 4 3 6 13 6 4 9
% 57 43 32 6 8 32 2 1 47




th e tr e a te d  group en tered  prem olt in  4 .3  + 2 .2  days v ersu s 8 .9  +
3 .1  days fo r  c o n tr o ls .  The d if f e r e n c e  was s t a t i s t i c a l l y  s ig n i f i c a n t  
(P ^  0 .0 5 )  (Appendix D -  Table 3 0 ) .  In  experim ents 3 and 4 most 
cra w fish  were in  e a r ly  prem olt su b sta g es  by four days a f t e r  i n i t i a l  
m olt (T able 1 7 ) . Such a rap id  m o ltin g  p r o g r e ss io n  i s  ap p aren tly  
th e  r u le  and n o t th e  e x c e p tio n  fo r  ju v e n ile  cru sta cea n s  (N ovales  
e t  a l . ,  1 9 7 3 ). Warner and S teven son  (1972) noted  th a t  ecd y stero n e  
h asten ed  i n i t i a t i o n  o f  p rem olt in  0 . obscurus b u t d id  n o t h a sten  m olt. 
Thus I  f e e l  th a t in j e c t io n  o f ecd y stero n e  p erm itted  continued  
p r o g r e ss io n  o f  the m olt c y c l e ,  but s e a so n a l c u e s ,  d isc u sse d  above, 
d elayed  the r a te  o f p r o g r e ss io n .
In  experim ent 6 , e y e s ta lk  l i g a t io n  fo u r  days a f t e r  m olt 
s ig n i f i c a n t l y  d ecreased  th e in te r m o lt  p er io d  o f  tr e a te d  cra w fish  
(1 1 .1  d ays) when compared to  c o n tr o ls  (2 3 .6  days) (T able 14)
(Appendix D -  Table 2 8 ) . Two tr e a te d  cra w fish  d ied  as a r e s u l t  o f  
o p e r a t iv e  in ju ry  b u t th e  rem aining 2 1  m olted s u c c e s s f u l ly  producing  
v ia b le  s o f t - s h e l l  c ra w fish . The p o s s ib le  reason s fo r  r e ta r d a tio n  or  
in h ib i t io n  o f  m olt o f  c o n tr o l craw fish  are  d isc u sse d  above.
Hardening Experim ents
I  found th a t j u v e n ile  cra w fish  in  th e  p re fe r r e d  b a i t - s i z e ,
50-70  mm, cou ld  b e  m aintained  in  a s t a t e  approxim ately  o n e -th ir d  as 
hard as in te r m o lt  craw fish  (a s measured by carapace dry w eig h t per 
u n it  le n g th )  fo r  a t  l e a s t  th ree  weeks when h e ld  in  d e io n iz ed -w a ter  
w ith o u t fe e d in g . F u rth er, I  found th a t  mature cra w fish  were
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approxim ately  tw ice  as hard as ju v e n i le  o r  s e x u a lly  in a c t iv e  
cra w fish  o f  th e  same s i z e  as measured by carapace dry w e ig h t.
The cra w fish  carapace i s  th e  most h e a v ily  c a l c i f i e d  p o r tio n  o f  
the e x o sk e le to n  w ith  th e  e x c e p tio n  o f  th e  c h e lip e d s  (C haisem artin , 
1 9 6 2 ). The most im portant la y e r  o f  th e  carapace i s  th e  e n d o c u tic le  
w hich c o n s t i t u t e s  approxim ately  70% o f th e  t o t a l  and i s  hardened  
e x c lu s iv e ly  by c a l c i f i c a t i o n .  In  a d d it io n , th e  e x o c u t ic le  w hich  
makes up another 2 0 % o f th e  t o t a l  i s  p a r t ia l ly  hardened by 
c a l c i f i c a t i o n  (T r a v is , 19 6 5 ). T h erefo re , I  chose to  determ ine th e  
d egree o f  carapace c a l c i f i c a t i o n  in  order to  o b ta in  a measure o f  th e  
d egree o f  h arden ing . However, I  a ls o  chose to  determ ine carapace  
dry w e ig h t per u n it  le n g th  as a supp lem ental measure o f  harden ing. 
T his can be used  as a co n v ien t measure o f  com parison fo r  b o th  " so ft"  
and in te r m o lt  craw fish  o f  approxim ately  th e  same s i z e .  In crea se  in  
carapace w eigh t i s  a p p aren tly  a fu n c tio n  o f  b oth  an in c r e a se  in  
o v e r a l l  d im ensions (b u lk ) , s in c e  th e  le n g th /w e ig h t  r e la t io n s h ip  i s  
e x p o n e n tia l (Appendix C ), and an in c r e a se  in  s h e l l  th ic k n e ss  (Yano 
and K obayashi, 1 9 6 9 ). B ut, com parison o f  cra w fish  o f  th e  same s i z e  
n eg a tes  d if f e r e n c e s  in  o v e r a l l  d im en sion s. Carapace dry w e ig h t per  
u n it  le n g th  i s  a p a r t ic u la r ly  good measure o f  th e  d if f e r e n c e s  in  
hardness o f  in te r m o lt  cra w fish  g r e a te r  than 50 mm in  t o t a l  le n g th  
b ecau se  ca lcium  l e v e l s  are  r e l a t iv e l y  co n sta n t (C haisem artin , 1962 ). 
D iffe r e n c e s  in  th ic k n e ss  due to  m atu ra tion , th en , would be d i f f i c u l t  
to  d e te c t  by d eterm in ing  calcium  v a lu e s  o f  cra w fish  o f  th e  same s i z e .
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P ostm olt Carapace H ardening:
A nalyses o f  v a r ia n c e  w ere conducted on d a ta  from th e c a s t  
carap aces o f  0  hour cra w fish  from experim ent 1  and experim ent 3  to  
determ ine w hether or n o t th ere  w ere s ig n i f i c a n t  d if f e r e n c e s  in  
carapace le n g th ,  carapace ca lc iu m , and carapace dry w eig h t per u n it  
le n g th  (Appendix D -  T able 3 1 ) .  There w ere no s ig n i f i c a n t  
d if fe r e n c e s  betw een th e  groups (P ^  0 .0 5 ) .  Thus, th e  a n a ly se s  o f  
0  hour carap aces r e f l e c t  hom ogeneity o f  b oth  th e  t e s t  cra w fish  and 
th e  a n a ly t ic a l  proced u re.
P ooled  v a lu e s  fo r  c a s t  carap aces from th e  th r e e  0 hour groups 
are  rep orted  in  Table 19 w ith  correspon d in g  v a lu e s  fo r  th e  carapaces  
o f newly m olted  and in te r m o lt  cra w fish  o f  th e  same s i z e  range.
Mean v a lu e s  fo r  ca lciu m  (%) and carapace dry w e ig h t fo r  
experim ents 1 , 2 , and 3 a re  l i s t e d  in  T ab les 20 and 21.
A fte r  96 hours ca lc iu m  l e v e l s  o f  cra w fish  a llow ed  to  m olt in  
d e io n iz e d  w ater  ranged from o n e -th ir d  to  o n e -h a lf  in te r m o lt  l e v e l s  
( 8 . 8 % and 13.0% v ersu s  24.3% ). A fte r  96 h o u r s , ca lc iu m  l e v e l s  o f  
craw fish  a llow ed  to  m olt in  hard-w ater w ere about th r e e -fo u r th s  o f  
th e in te r m o lt  l e v e l s  (19.7% v ersu s  24.3% ). Three weeks a f t e r  m o lt, 
ca lciu m  l e v e l  o f  cra w fish  h e ld  in  d e io n iz e d -w a te r  was l e s s  than  
o n e -h a lf  th e  in te r m o lt  l e v e l  (11.5% v ersu s  24.3%) and d id  n o t d i f f e r  
s i g n i f i c a n t l y  from 12 hour cra w fish  in  the same experim ent (Appendix 
D -  T able 3 2 ) .
The 12 hour ca lc iu m  v a lu e s  su g g e s t  th a t cra w fish  w ith o u t  
e x te r n a l so u rces  o f  ca lc iu m  had reached th e  l im i t s  o f  body calcium
Table 19. Composite Table of Carapace Data for Bait-Sized JP. clarkii. Stage A vs Stage Ĉ .
In term olt  
(S tage  C)
2Cast Carapace
o
Immediate P ostm olt 
(S tage A)
Length (mm) 3 2 9 .0  (3 0 .5  -  2 7 .5 ) 2 9 .3  (3 0 .7  -  2 7 .9 ) 3 1 .2  (3 2 .7  -  2 9 .9 )
(n = 1 0 ) (n = 18) (n = 18)
Dry w eigh t per 
mm o f  carapace  
(g x  lCT*)
3 9 .4  (4 7 .3  -  3 1 .5 )  
(n = 1 0 )
1 5 .9  (1 8 .1  -  1 3 .7 )  
(n -  18)
5 .9  (7 .0  -  4 .8 ) 4  
(n = 18)
% Calcium 2 4 .3  (2 5 .6  -  2 3 .0 ) 2 6 .7  (2 7 .3  -  2 6 .1 ) 0 .6 6  (0 .7 8  -  0 .5 4 )
(n = 1 0 ) (n -  18) (n = 18)
■Hleans p lu s  95% co n fid en ce  in t e r v a l .
2
v a lu es  ob ta in ed  from 0 hour craw fish  from c a l c i f i c a t io n  and hardening experim ents 1 and 3 . 
3C ephalothorax le n g th ; t o t a l  len g th  eq u a ls  approxim ately  two tim es cep h aloth orax  le n g th .  
^The d if f e r e n c e  in  treatm en ts th a t made up t h is  mean were s ig n i f i c a n t ly  d i f f e r e n t .
vou>
1
Table 20. Carapace Calcium L ev e ls  (%) as a F u n ction  o f  Time, P ostm olt Carapace Hardening Experim ents .
Experiment Time (Hrs)
0 1 2 24 48 72 96 3 Wks
Expt l 2 * 3
Hard Water 0 .8 2
( 2 .8 2 - ( - ) 1 .1 8 )
- 18 .6
(2 0 .6 -1 6 .6 )
1 8 .7  
(20= 7 -1 6 .7 )
18* 1  
(2 0 .1 -1 6 .1 )
19 .7
(2 1 .7 -1 7 .7 )
—
D eion ized  Water 0 .6 5  
( 2 .6 5 - ( - ) 1 .3 5 )
- 1 3 .4
(1 5 .4 -1 1 .4 )
1 0 . 0
( 1 2 . 0 - 8 . 0 )
1 1 .4
(1 3 .4 -9 .4 )
8 . 8
( 1 0 . 8 - 6 . 8 )
-
Expt 2^
Hard Water3 - 1 3 .0
(1 5 .3 -1 0 .7 )
- - - - -
D eion ized  Water^
-
1 2 . 2
(1 4 .5 -9 .9 )
- - - - 1 1 .5
( 1 4 .3 -8 .7 )
Expt 3
D eion ized  Water^ » 8  0 .5 5  
( 2 .0 5 - ( - ) 0 .9 5 )
1 4 .8
(1 6 .3 -1 3 .3 )
14 .7
(1 6 .2 -1 3 .2 )
1 4 .8
(1 6 .3 -1 3 .3 )
1 3 .8
(1 5 .3 -1 2 .3 )
1 3 .0
(1 4 .5 -1 1 .5 )
hieaxi p lu s 95% con fid en ce  in te r v a l ;  = 5 per tim e in te r v a l ;  % ean cep h aloth orax  len g th  = 31.9  mm 
( 3 2 .7 -3 1 .1 ) ;  ^Mean cephalothorax le n g th  = 3 1 .7  mm (3 3 .5 -2 9 .9 ) ;  % = 6 ; = 6  (12 Hrs) and 10 (3  Wks);
= 8  per tim e in te r v a l ;  ®Mean cep h a lo th orax  len g th  = 3 1 .3  mm ( 3 2 .1 - 3 0 .3 ) .
Table 21. Carapace Dry W eight1  as a F unction  o f  Time, P ostm olt Carapace Hardening Experim ents3 .
Experiment Time (Hrs)
0 1 2 24 48 7 2 ............. 96 3 Wks.
Expt l 3 * 4
Hard Water 8 .3
( 1 0 .8 -5 .8 )
- 19 .9
(2 2 .4 -1 7 .4 )
2 2 . 0
( 2 4 .5 -1 9 .5 )
18 .9
(2 1 .4 -1 6 .4 )
2 6 .4
(2 8 .9 -2 3 .9 )
-
D eion ized  Water 6 .4  
( 8 .9 -3 .9 )
- 1 6 .3
(1 8 .8 -1 3 .8 )
1 3 .8
(1 6 .3 -1 1 .3 )
1 4 .3
(1 6 .8 -1 1 .8 )
1 4 .5
(1 7 .0 -1 2 .0 )
-
Expt 25
Hard Water** - 1 8 .2
(2 0 .5 -1 5 .9 )
- - - - -
D eion ized  Water^ - 1 1 .4
(1 3 .7 -9 .1 )
- - - - 11.9
(1 4 .3 -9 .5 )
Expt 3
D eion ized  W a te r ® » 1®
4 .0  
(6 . 4 - 1 . 6 )
9 .9
( 1 2 .3 - 7 .5 )
1 2 . 0
(1 4 .4 -9 .6 )
1 2 .4
(1 4 .8 -1 0 .0 )
11 .7
(1 4 .1 -9 .3 )
1 1 . 2
(1 3 .6 -8 .8 )
1 0 .4
( 1 3 .5 -7 .7 )
■̂ g x  10~ 4  per mm o f  carapace; ^Mean p lu s  95% co n fid en ce  in t e r v a l ;  = 5 per tim e in te r v a l;
^Mean cep h aloth orax  len g th  = 31 .9  mm (3 2 .7 - 3 1 .1 ) ;  '’Mean cep h aloth orax  len g th  = 3 1 .7  mm (3 3 .5 -2 9 .9 ) ;
% = 6 ; -  6  (12 Hrs) and 10 (3  Wks); ®N = 8  per tim e in te r v a ls  0 -9 6  Hrs; %  = 4 fo r  tim e in te r v a l  3 Wks;
1®Mean cep h aloth orax  len g th  = 3 1 .3  mm ( 3 2 .1 - 3 0 .3 ) .
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r e se r v e s  in  c a l c i f i c a t i o n  o f  th e  new e x o sk e le to n . These l e v e l s  are  
fo llo w ed  by a gradual d e c l in e .  Calcium l e v e l s  o f  cra w fish  a llow ed  
to  m olt in  hard w ater remained s t a t i c  from 24 hours u n t i l  96 hours 
when th ere  was a r i s e .  A n a ly s is  o f  th e  d i lu t io n  w ater  rev ea led  
red u ctio n  o f  a v a i la b le  ca lcium  from about 32 ppm to  9 ppm in  l e s s  
than 24 h ou rs. Greenaway (1974c) p o s tu la te d  th a t  5 ppm calcium  was a 
th resh o ld  l e v e l  fo r  most p o p u la tio n s  o f  c r a w fish . The hard w ater  
cra w fish  w ere ap p aren tly  u t i l i z i n g  a l l  a v a i la b le  ca lciu m  and probably  
would have c a l c i f i e d  more q u ick ly  had i t  been a v a ila b le  in  ex ce ss  
o f  the uptake m echanism 's req u irem en ts.
F igure 4 p ro v id es  s p e c i f i c  com parisons o f  c a l c i f i c a t i o n  o f  
d e io n iz e d  and hard w ater trea tm en ts in  experim ent 1 . A fte r  24 hours 
th ere  a re  c le a r  s e p a r a t io n s  betw een th e  two cu rv es . These 
d is t in c t io n s  are supported  by a n a ly s is  o f  cova r ia n ce  fo r  treatm ent 
d i f f e r e n c e s ,  tim e d i f f e r e n c e s ,  and treatm en t x  tim e in te r a c t io n s  a l l  
o f  w hich w ere h ig h ly  s ig n i f i c a n t  (P < 0 .0 1 )  (Appendix D -  T able 3 3 ) .  
An a n a ly s is  of cov a r ia n ce  was used  b ecau se  th e r e  w ere d if f e r e n c e s  in  
th e mean s i z e  o f  cra w fish  w ith in  a s p e c i f i c  t e s t  p er iod  ( 0  h o u rs,
24 h o u rs , e t c . ) .  The range in  mean s i z e  was approxim ately  3 .5  mm 
(2 9 .0  -  3 2 .5  mm carapace le n g th ) .  The computer a n a ly s is  a u to m a tic a lly  
a d ju sted  mean carapace calcium  v a lu e s  in  keep ing w ith  d if f e r e n c e s  in  
mean le n g th s  and fo r  th a t reason  th e  ca lc iu m  v a lu e s  used in  F igure 4 
are a d ju sted  means. N o te , how ever, th a t a lth ou gh  ad ju sted  0 hour 
v a lu es  d if f e r e d  approxim ately  2 0 % from tr u e  m eans, o th er  ad ju sted  
means d if f e r e d  by on ly  3-4%. The la r g e  v a r ia t io n  a t  0 hours probably
Figure 4. Comparison of Carapace Calcium and Dry Weight
fo r  C raw fish M olted in  Hard and D eion ized  Water 
w ith  95% C onfidence I n te r v a ls ,  P ostm olt Hardening 
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r e f l e c t s  some d egree o f  ta r d in e s s  on my p a r t  in  removing th e  cra w fish  
im m ediately  a f t e r  m o lt , p a r t ic u la r ly  e a r ly  in  th e  m orning. S in ce  
c a l c i f i c a t i o n  b e g in s  w ith in  15 m inutes p ostm olt (Greenaway, 1 9 7 4 c ), 
d e la y s  o f  30-45  m inutes w hich occurred w ere o b v io u s ly  c r i t i c a l .  The 
much sm a lle r  d if f e r e n c e s  a t  th e  o th e r  tim e in t e r v a ls  su g g e st  th a t  
w h ile  ca lc iu m  c o n c e n tr a tio n  v a r ie d  somewhat w ith  carapace le n g th , i t  
d id  n o t d i f f e r  enough to  have any tr u e  p h y s io lo g ic a l  im portance.
Experim ent 3 was conducted to  determ ine w hether th e  tren d s  
observed  in  th e  experim ent 1  d e io n iz e d  w ater treatm en t h e ld  w ith  
g r e a te r  r e p l ic a t io n .  Comparison o f  0 ,  2 4 , 48 , 7 2 , and 96 hour 
in t e r v a l s  by a n a ly s is  o f  co v a r ia n ce  fo r  trea tm en t d i f f e r e n c e s ,  tim e 
d if f e r e n c e s ,  and treatm ent x  tim e in te r a c t io n s  r ev e a led  h ig h ly  
s ig n i f i c a n t  (P <  0 .0 1 )  d if f e r e n c e s  (Appendix D -  Table 3 4 ) .  However, 
F igu re  5 shows th a t  both  tren d s w ere from h ig h e s t  l e v e l s  a t  24 hours 
p o stm o lt to  lo w e st  l e v e l s  a t  96 hours p o stm o lt . The ca lc iu m  means 
w ere a d ju sted  fo r  le n g th  d if f e r e n c e s  as d is c u s se d  above. Carapace 
dry w e ig h t (F igure 5) dem onstrates the same r e la t io n s h ip  b u t v a lu es  
are h ig h er  fo r  experim ent 1 ,  th e  r e v e r se  o f  ca lc iu m  l e v e l s .  C raw fish  
fo r  experim ent 1 were c o l le c t e d  in  O ctober, a warm p e r io d , whereas 
th o se  fo r  experim ent 3 w ere c o l le c t e d  during January, a c o ld  p er iod  
when cra w fish  a c t i v i t y  and fe e d in g  are  reduced (LaCaze, 1 9 7 0 ).
R ichards (1951) observed  th a t  s ta r v a t io n  r e s u lte d  in  red u c tio n  o f  
arthropod c u t i c l e  th ic k n e s s .  I f e e l  th a t  d if f e r e n c e s  in  ca lc iu m  
l e v e l s  r e s u lte d  from experim ent 1  cra w fish  b e in g  in  b e t t e r  n u tr it io n a l
!
Figure 5. Comparison of Carapace Calcium and Dry Weight
fo r  Craw fish M olted in  D eio n ized  Water w ith  95% 
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c o n d it io n  than th o se  from experim ent 3; th u s , th ey  had more organ ic  
m a tr ix  to  d i lu t e  ca lc iu m  than th o se  from experim ent 3 .
T ra v is  (1963) and T rav is  and F r ib erg  (1963) provided  data  on 
ca lciu m  l e v e l s  o f  carap aces o f  a d u lt  m ale (). v i r i l i s  a t  v a r io u s  
p ostm olt in t e r v a l s .  Immediate p ostm olt ( s ta g e  A) ca lcium  
c o n c e n tr a tio n s  w ere 0 .4  -  1.14%; l a t e r  p o stm o lt ( s ta g e  B) 
c o n cen tra tio n  was about 9%; even la t e r  p o stm o lt su b stage  (C^ and C2 ) 
c o n c e n tr a tio n s  w ere 13.7% and 15.5% -  18.9%, r e s p e c t iv e ly ;  and 
in te r m o lt  (su b sta g e  C4 ) c o n c e n tr a tio n  was 25.6%. S in ce  im m ediate 
p o stm o lt (A) and in te r m o lt  (C^) ca lc iu m  co n c e n tr a tio n s  o f  c l a r k i i  
(T ab les 19 and 22) a re  approxim ately  th e  same as th o se  rep orted  fo r  
C). v i r i l i s , com parison o f  th e  two s p e c ie s  seem a p p ro p r ia te . I t  
appears th a t  j u v e n ile  c l a r k i i  reached p ostm olt su b sta g e  C-̂  w ith in  
12 hours p o stm o lt and su b sta g e  C£ w ith in  24 hours p ostm olt (T able 2 0 ) .  
They probably reach  in te r m o lt  (C^) in  no more than th ree  to  fo u r  
days based  on th e  le n g th  o f  th e  in te r m o lt  p e r io d s  rep orted  above in  
th e  m o ltin g  exp erim en ts.
A dult C). v i r i l i s  d id  n o t e n te r  s ta g e  B u n t i l  two days p ostm olt 
(T r a v is , 1963) and com pleted  i t  by sev en  days p o s tm o lt . The normal 
summer growing sea so n  in te r m o lt  p er io d  fo r  (). v i r i l i s  i s  45 -60  days 
(Momot, 1 9 6 7 ). C haisem artin  (1962) found th a t  in te r m o lt  calcium  
l e v e l s  o f  a d u lt  A. p a l l ip e s  were reached in  about ten  days p o stm o lt. 
Greenaway (1974c) found th a t  p ostm olt c a l c i f i c a t i o n  was com pleted  
by te n  to  twenty days p o stm o lt in  th e  same s p e c ie s .
T able 2 2 . Carapace Calcium and Dry Weight L evels  fo r  In term o lt P . c l a r k i i  and S o ft  and 
In term olt 0 .  v i r i l i s . 1
S p ec ies S iz e  C lass (mm)  ̂
[Carapace L eneth-R aneel
3
Carapace Dry Weight % Ca N S ta te  o f  
M aturity
P . c la r k i i 55-60  [2 9 .0  (3 0 .5 -2 7 .5 ) ] 3 9 .4  ( 4 7 .3 -3 1 .5 ) 2 4 .3  (2 5 .6 -2 3 .0 ) 1 0 J u ven ile^
70-75 [3 5 .7  (3 7 .2 -3 4 .2 ) ] 4 3 .5  (5 1 .4 -3 5 .6 ) 2 7 .0  (2 8 .3 -2 5 .7 ) 1 0 J u ven ile^
70-75 [3 6 .2  (3 7 .7 -3 4 .7 ) ] 8 4 .6  (9 2 .5 -7 6 .7 ) 2 5 .2  ( 2 6 .5 - 2 3 .9 ) 1 0 Mature
85-90 [ 4 3 .5  ( 4 5 .0 - 4 2 .0 ) ] 7 4 .3  (8 2 .2 -6 6 .4 ) 2 4 .3  (2 5 .6 -2 3 .0 ) 1 0 J u ven ile^
0 . v i r i l i s
85-90 [ 4 5 .0  ( 4 6 .5 -4 3 .5 ) ] 1 2 2 .4  (1 3 0 .3 -1 1 4 .5 ) 2 6 .3  (2 7 .6 -2 5 .0 ) 1 0 Mature
S o ft 70-75 [ 3 5 .1  (3 6 .5 -3 3 .7 ) ] 1 0 .3  (1 7 .7 -2 .3 ) 5 .1  ( 6 .2 -4 .0 ) 2 0 Ju ven ile^
In term olt 80-85  [ 4 2 .3  (4 3 .7 -4 0 .9 ) ] 158 .9  (1 5 1 .2 -1 3 5 .8 ) 2 5 .1  (2 6 .2 -2 4 .0 ) 2 0 Mature
^Mean p lu s  95% co n fid en ce  l i m i t s .
2
C ephalothorax le n g th ;  t o t a l  le n g th  eq u a ls approxim ately two tim es cep h aloth orax  le n g th ,  
^g x 1 0 “  ̂ per mm o f  carap ace .
^or se x u a lly  in a c t iv e .
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N ovales e t  a l .  (1973) concluded  th a t ra p id ly  growing cru sta cea n s  
do not undergo a tru e  in te r m o lt  p er io d  a s  found in  s e x u a lly  mature 
a d u lt s .  T his would account fo r  the rap id  p r o g ress io n  o f  postm olt  
su b sta g es  observed  in  ju v e n ile  P_. c l a r k i i .
A fte r  96 hours caparace dry w e ig h t o f  craw fish  a llow ed  to  m olt 
in  d e io n iz e d  w ater  was o n e-fo u rth  to  o n e -th ir d  in te r m o lt  l e v e l s  ( 1 1 . 2 -
“ A — A1 4 .5  x 10 g v ersu s 3 9 .4  x  10” ^ g ). A fte r  96 hours carapace dry w eigh t  
o f  cra w fish  a llow ed  to  m olt in  hard w ater was s l i g h t l y  l e s s  than  
th r e e -fo u r th s  the in te r m o lt  l e v e l  (2 6 .4  x  10“ 4 g ) . Three weeks a f t e r  
m o lt , carapace dry w eig h ts  o f  cra w fish  a llow ed  to  m olt in  d e io n iz e d -  
w ater were approxim ately o n e -fo u r th  th e  in te r m o lt  l e v e l  (1 0 .4 -1 1 .9  x  
1 0 '4g versu s 3 9 .4  x 10"4 g ) . The th ree  week v a lu e  fo r  experim ent 2 
d id  not d i f f e r  s ig n i f i c a n t l y  (P >  0 .0 5 )  from th e correspond ing  
12 hour va lu e  (1 1 .9  x 10- 4 g versu s 1 1 .4  x  10“4 g) (Appendix D -  T able  
3 2 ) .
Carapace dry w eigh t v a lu e s  fo r  craw fish  in  d e io n iz e d  w ater  
trea tm en ts were reached around 24 hours p ostm olt (T able 21) as  
opposed to  the 12 hour in t e r v a l  (T able 20) requ ired  to  reach maximum 
ca lciu m  l e v e l s .  Peak l e v e l s  were fo llo w ed  by a gradual d e c l in e  as  
w ith  ca lc iu m  l e v e l s .  Carapace dry w e ig h ts  o f  craw fish  allow ed  to  
m olt in  hard w ater w ere co n sid era b ly  h igh er  a t 1 2  hours than th ose  
o f  craw fish  in  d e io n ized  w ater (1 8 .2  x 10“4g v ersu s 1 1 .4  x 10 4 g ) .
The d if fe r e n c e  was s ig n i f i c a n t l y  d i f f e r e n t  (P <  0 .0 5 )  (Appendix D -  
Table 3 2 ) .  Carapace dry w e ig h ts  o f  hard w ater cra w fish  r e f le c t e d  the
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same trend  as th a t observed in  ca lciu m  l e v e l s ,  co n sta n t l e v e l s  from
24 through 72 hours w ith  a marked in c r e a se  a t  96 hou rs.
F igure 4 compares carapace dry w e ig h t fo r  d e io n iz e d  w ater and
hard w ater trea tm en ts in  experim ent 1 . U n lik e  the curves fo r
calcium  l e v e l s ,  th ere  i s  more e x te n s iv e  in te r a c t io n  betw een treatm ents  
o ccu rr in g  from 0 hours to  24 hours and aga in  a t  72 h ou rs. A n a ly s is  
o f  v a r ia n ce  fo r  treatm ent d if f e r e n c e s ,  tim e d i f f e r e n c e s ,  and treatm ent 
x tim e in te r a c t io n s  show a l l  c o n s id e r a t io n s  to  b e s ig n i f i c a n t  
(Appendix D -  Table 3 3 ) .
Carapace dry w eig h t com parisons o f  d e io n iz ed  w ater trea tm en ts  
fo r  experim ents 1  and 3 were d isc u sse d  above.
Comparison Carapace Hardness V a lu es;
Calcium (%) and carapace dry w eigh t l e v e l s  fo r  in te r m o lt  .P. 
c l a r k i i  and s o f t  and in te r m o lt  _0. v i r i l i s  are  p resen ted  in  Table 22. 
Calcium v a lu es  fo r  th e  s i z e  c la s s e s  and m atu rity  l e v e l s  o f  P̂ . c la r k i i  
do not vary g r e a t ly  b u t th e  d if f e r e n c e s  are  h ig h ly  s ig n i f i c a n t  
(P ^  0 .0 1 )  (Appendix D -  Table 3 5 ) . O rthogonal com parisons o f  the  
d if f e r e n t  s i z e  c la s s e s  and m atu rity  l e v e l s  show th a t h ig h ly  
s ig n i f i c a n t  (P <[ 0 .0 1 )  d if f e r e n c e s  e x i s t  betw een th e 55-60  mm 
ju v e n ile  or s e x u a lly  in a c t iv e  s i z e  c la s s  and the rem aining s i z e  
c l a s s e s ,  betw een ju v e n ile  or s e x u a lly  in a c t iv e  and mature craw fish  
in  th e  70-75 mm s i z e  c l a s s ,  and betw een ju v e n i le  or  s e x u a lly  in a c t iv e  
and mature cra w fish  in  th e 85-90  mm s i z e  c l a s s .  D if fe r e n c e s  betw een  
th e 70-75 mm and 85-90  mm s i z e  c l a s s e s ,  b o th  m atu rity  l e v e l s ,  are  not 
s ig n i f i c a n t  (P >  0 .0 5 ) .  Carapace ca lciu m  v a lu es  (T able 22) account
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fo r  the la c k  o f  d if f e r e n c e  betw een th e  two la r g e r  s i z e  c la s s e s  when 
compared w ith o u t regard  to  s t a t e  o f  m a tu r ity . In  th e  ca se  o f  70-75 mm 
c r a w fish , th e  ca lc iu m  c o n cen tra tio n  o f  ju v e n ile  or s e x u a lly  in a c t iv e  
cra w fish  i s  g r e a te r  than th a t  o f  mature cra w fish  (27.0% v ersu s  25.2%) 
w hereas the o p p o s ite  i s  tru e  fo r  the la r g e r  s i z e  c la s s  (24.3% versu s  
26.3% ). The v a r i a b i l i t y  i s  ap proxim ately  the same w ith  th e  means 
" bracketing"  each o th e r .
The m agnitude o f  the d if f e r e n c e s  in  ca lcium  betw een and w ith in  
s i z e  c la s s e s  i s  not very  g rea t and does n ot accou n t fo r  the very  
la r g e  d if f e r e n c e  betw een carapace dry w e ig h ts  e s p e c ia l ly  betw een  
ju v e n i le - s e x u a l ly  in a c t iv e  and mature c r a w fish . Carapace dry w eig h t  
v a lu e s  o f  mature cra w fish  a re  s l i g h t l y  l e s s  than tw ice  as heavy as 
th o se  o f ju v e n i le  or s e x u a lly  in a c t iv e  c r a w fish , and th e  p ro g ress io n  
in  carapace dry w e ig h ts  o f  b oth  groups w ith  in cr ea se d  s i z e  i s  
pronounced. Yano and Kobayashi (1969) have shown th a t  cru sta cea n  
carapaces th ick en  as they en la rg e  ap p a ren tly  to  su pp ort in cr ea se d  
dim ensions o f  the s h e l l .  As re feren ced  above, ra p id ly  growing cra w fish  
probably do n o t have a tru e  in te r m o lt  p e r io d . Hcwever, in te r m o lt  
cra w fish  carapace ca lc iu m  l e v e l s  are a p p aren tly  f a i r l y  c o n s is t e n t ,  
a t l e a s t  in  th e  s i z e  c la s s e s  in  q u e s t io n . V arious v a lu e s  in c lu d e  
26.6% fo r  A stacus f l u v i a t i l u s  (W elinder, 1 9 7 4 ) , about 25% fo r  A. 
p a l l ip e s  (C h aisem artin , 1 9 6 2 ) , and 25.6% fo r  0 . v i r i l i s  (T r a v is ,
1963; T rav is  and F r ib e r g , 1 9 6 3 ). W aste e x o sk e le to n  calcium  l e v e l s  
fo r  ]?. c l a r k i i  are  20-22% (L o v e ll e t  a l . ,  1968; R u tled g e , 1971)
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approxim ating w hole ex o sk e le to n  l e v e l s  o f A. p a l l lp e s  (C haisem artin , 
1 9 6 2 ).
The c o n s is te n c y  in  r e la t iv e  l e v e l s  o f  ca lciu m  o f £ .  c l a r k i i  
(T able 22) and th e  s p e c ie s  l i s t e d  above su pp orts my view  th a t  in t e r ­
m olt s h e l l  c o n str u c tio n  o f  in te r m o lt  j u v e n ile  or s e x u a lly  in a c t iv e  
Eh c l a r k i i  i s  approxim ately  th e  same as th a t o f  mature c l a r k i i  
of th e  same s i z e .  D if fe r e n c e s  in  carapace dry w eig h t a r i s e  b ecau se  
th e  s h e l l  o f  th e  j u v e n ile  or s e x u a lly  in a c t iv e  cra w fish  does n ot 
have tim e to  develop  th e  g r e a te r  th ick n ess  and w eig h t o f  th e  mature 
c r a w fish  in  th e  lim ite d  p er io d  b e fo r e  th e  o ld  s h e l l  i s  resorb ed  and 
a new one i s  s e c r e te d .
Mean ca lc iu m  l e v e l s  f o r  m ature, in te r m o lt  0̂ . v i r i l i s  a re  
c o n s is t e n t  w ith  th o se  rep orted  by T rav is  (1963) and T rav is  and 
F rib erg  (1 9 6 3 ). No com parative d a ta  a re  a v a ila b le  fo r  carapace  
dry w e ig h ts . A lthough calcium  l e v e l s  o f  both  0 . v i r i l i s  and 2_. 
c l a r k i i  are  s im i la r ,  carapace dry w e ig h t o f £ .  v i r i l i s  i s  about 1 .3  
tim es th a t  o f  s l i g h t l y  la r g e r  (80 to  85 mm v ersu s  85 to  90 mm), 
m ature P_. c l a r k i i .
The s o f t - s h e l l  0 . v i r i l i s  were q u ite  s o f t  even  though th ey  had 
m olted  about 72 hours p r io r  to  f r e e z in g .  They had been  kept under 
r e f r ig e r a t io n  b u t ca lc iu m  l e v e l s  w ere in term e d ia te  betw een im m ediate 
p o stm o lt (A) and la t e r  p ostm olt (B) as rep orted  by T rav is  (1963) 
and T ravis and F rib erg  (1 9 6 3 ). O b viously  p ostm olt c a l c i f i c a t i o n  was 
ta k in g  p la c e  a t  a reduced r a t e .  The h ig h er  carapace dry w e ig h t when 
compared w ith  correspond ing v a lu e s  fo r  P  ̂ c l a r k i i  i s  probably th e
108
r e s u l t  o f  in c r e a se d  body s i z e  and e x o sk e le to n  th ic k n e ss  s in c e  th e
0. v i r i l i s  were about 1 0  mm lo n g er  than th e  £ .  c l a r k i i  used fo r  
com parison (T ab les 19 and 2 2 ) .
A cra w fish  th a t has j u s t  c a s t  i t s  o ld  e x o sk e le to n  i s  c le a r ly  
" s o f t" ,  b u t th e r e  i s  no l i t e r a t u r e  a v a i la b le  as to  what c o n s t i tu te s  a 
" s o f t - s h e l l"  cra w fish  w ith  r e sp e c t  to  th e  b a i t  cra w fish  in d u str y .
Heyman (1 9 7 5 , P e r s . C o m m . h a s  s ta te d  th a t j u v e n i le  ]?. c l a r k i i  were 
" so ft"  when compared to  mature (). r u s t i c u s , th e  p r in c ip le  Ohio b a it  
s p e c ie s .  Smith (1 9 7 2 , P e r s . Comm.) has s ta t e d  th a t  he cou ld  keep  
an Ohio b a i t  cra w fish  (probably (5. r u s t ic u s )  s o f t  in d e f in i t e ly  by 
m o ltin g  and h o ld in g  i t  in  s o f t  w a te r . These s u b je c t iv e  c r i t e r ia  
c le a r ly  dem onstrate th a t  m o ltin g  and h o ld in g  JP. c l a r k i i  in  d e io n iz ed  
w ater w i l l  produce an a c c e p ta b le  " s o f t - s h e l l"  c ra w fish .
H andling o f  B a it - S iz e d , H ard -S h elled  C raw fish  
Sim ulated  Sh ipp ing C ond itions
I found th a t  b a i t - s iz e d ,h a r d - s h e l le d  c r a w fish , 30-60  mm, responded  
w e ll  to  s im u la ted  sh ip p in g  c o n d it io n s . The d ata  w i l l  be p resen ted  
and d isc u sse d  b elow .
X ch o se  6 °C as a t e s t  tem perature b ecau se i t  rep resen ted  th e  
h ig h  p o in t  o f  th e  recommended range o f  3 .5  -  6.0°C (Hudson and
^ P ers. Comm., 7 January 1975, J . J .  Heyman, C rayfish  S c ie n c e s ,  
In co rp o ra ted , Columbus, O hio.
^P ers. Comm., 1972, L. W. Sm ith , C. & L. B a it ,  X en ia , Ohio.
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F on ten o t, 1970; A v a u lt , 1972) fo r  s to r in g  la r g e r  E\ c l a r k i i  (75 mm or 
g r e a te r ) .  According to  Hudson and Fontenot (1970 , 1971) la r g e r  
c l a r k i i  can be h e ld  a t  such  tem p era tu res, packed t ig h t ly  in  open 
mesh bags fo r  four to  f i v e  days b e fo r e  lo s s e s  become u n a ccep ta b le .
A th r e e  day t e s t  p er iod  seemed reason ab le  in  view  o f th e  
a v a i l a b i l i t y  o f  m odem , rap id  tr a n sp o r ta t io n .
P a lad in o  (1966) and Kossakowski (1966) both  recommended sh ip p in g  
European cra w fish  d e s t in e d  fo r  human consum ption in  wood w ool.
W ilkey (1970) and McClane and Buckow (1975) f e l t  th a t b a i t  cra w fish  
should  be packed in  damp moss or a q u a tic  weed. I  ch ose  to  u se  damp, 
coarse  p in e  sawdust fo r  packing m a te r ia l fo r  two rea so n s . F i r s t ,  my 
p rev iou s ex p er ien ce  had shown i t  to  be an a cce p ta b le  packing  
m a te r ia l fo r  b a i t  c r a w fish . Second, i t  i s  in e x p e n s iv e  and r e a d ily  
a v a i la b le .
B a i t - s iz e d ,  h a r d -sh e lle d  cra w fish  su rv iv ed  48 hours o f  
r e f r ig e r a t io n  a t  6 °C packed in  c o a r se , damp p in e  sawuust w ith  
n e g l ig ib le  m o r ta lity  (T able 2 3 ) . There was some m o r ta lity  a t  72 hours 
p r in c ip a l ly  in  th e  la r g e s t  s i z e  c la s s  (24%) which may have been due to  
a com bination o f  two f a c t o r s .  F i r s t ,  th ere  was no v e n t i la t io n  in  the  
c o n ta in ers  and th e  biom ass o f  the la r g e s t  s i z e  c la s s  may have reduced  
a v a i la b le  oxygen to  c r i t i c a l  l e v e l s .  Second, th e  cra w fish  may have 
been in  a weakened s t a t e  when p la ced  in  th e  c o n ta in e r s  and unable to  
s u s ta in  th em selves  fo r  an extended  p er io d  a t  low tem peratures  
e s p e c ia l ly  i f  oxygen l e v e l s  were c r i t i c a l .





Time (% S u rv iv a l)
C ontrol2 24 Hrs3 48 Hrs3 72 Hrs3
Expt 1 29 .9 9 6 .7 1 0 0 1 0 0 1 0 0
Expt 2^ 3 2 .5 1 0 0 - - -
3 9 .4 - 1 0 0 1 0 0 9 6 .7
Expt 3 5 8 .0 1 0 0 1 0 0 9 3 .7 76 .7
*Each experim ent rep re se n ts  3 reps o f 10 cra w fish  per rep fo r  each tim e in te r v a l .  
2C ontrol v a lu e  rep re se n ts  average s u r v iv a l fo r  96 h ou rs.
O
S u r v iv a l 24 hours a f t e r  rem oval from r e f r ig e r a t io n .
^ I n s u f f ic ie n t  number o f craw fish  p revented  having  th e  same s i z e  craw fish  fo r  co n tro ls  
and trea tm en t.
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As a r e s u lt  o f  s e v e r a l  lo n g  d is ta n c e  shipm ents o f  craw fish  
both  by me and to  me, I  have su b seq u en tly  concluded th a t r e f r ig e r a t io n  
i s  not n ecessa ry  as lon g  as th e  tem peratures to  w hich th ey  w i l l  be 
su b jec ted  do n ot exceed  25-26°C . However, i t  i s  im p era tiv e  th a t  they  
have adequate m o istu re  and v e n t i la t io n  w ith  th e ir  movements b ein g  
l im ite d  by th e  packing m a te r ia l.  They sh ou ld  be p laced  in  s in g le  
la y e r s  w ith  p a r t i t io n s  betw een la y e r s .  S ix  degrees ce n tig r a d e  should  
be con sid ered  as a low er l i m i t  fo r  sh ip p in g  o f b a i t - s i z e d  craw fish  
when r e fr ig e r a t io n  i s  n e c e ssa r y .
S im ulated  H olding C ond ition s
I found th a t b a i t - s i z e d ,  h a r d -sh e lle d  cra w fish , 30-60  mm, 
responded w e ll  to  sim u la ted  h o ld in g  c o n d it io n s . The r e s u lt s  are  
p resen ted  and d isc u sse d  below .
I chose to  semisubmerge (bottom s o f carapaces covered w ith  w ater) 
cra w fish  b ecau se p rev io u s o b serv a tio n s  dem onstrated th a t  more craw­
f i s h  cou ld  be h e ld  in  a l im ite d  space w ith o u t a r e a t io n  than could  be 
h eld  com p lete ly  submerged in  unaerated  c o n ta in e r s . A submerged 
system  i s  a ls o  more d i f f i c u l t  to  m a in ta in , and o n ly  th e  bottom  i s  
used by craw fish  w a stin g  a g r e a t  d e a l o f v e r t i c a l  sp a ce .
A two week t e s t  p er iod  seemed to  rep resen t a r e a l i s t i c  turn­
over tim e fo r  th e s a le  o f l i v e ,  h a r d -s h e l le d , b a i t - s i z e d  cra w fish . 
Space in  b a i t  shops i s  in v a r ia b ly  a t  a premium and a product th a t  
does n o t turnover ra p id ly  w i l l  not b e  s to ck ed . For an e x c e l le n t  
d is c u s s io n  o f Ohio b a i t  shops s e e  P ie r c e  e t  a l .  (1 9 7 1 ).
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The r e s u l t s  o f th e  s im u la ted  h o ld in g  experim ents appear
con fu sin g  a t  f i r s t  rev iew  (T able 2 4 ) .  In  experim ents 1 and 2 ,  h igh
2 2d e n s i t ie s  o f  craw fish  ( 1  mm o f  cra w fish  per 69 mm and 49 mm o f  
bottom  a r e a , r e s p e c t iv e ly )  showed l i t t l e  m o r ta lity  (3-12%) in  two 
w eeks; however, cra w fish  in  approxim ately  the same s i z e  c la s s e s  and 
a t  s l i g h t l y  h ig h er  co n cen tra tio n s  (1 mm per 35 mm ) had co n sid erab ly  
g r e a te r  m o r ta lity  (28 -  49%) in  experim ents 3 and 4 . Even a t  a
o
reduced c o n cen tra tio n  (1 mm p er 138 mm ) cra w fish  in  experim ents 3 
and 4 had much h igh er  m o r t a l i t ie s  than d id  cra w fish  in  experim ents  
1  and 2 .
An e x p la n a tio n  o f th e se  r e s u l t s  depends on two f a c t o r s ,  
can n ib a lism  a t  m olt and poor s a n it a t io n .  A l l  m o r t a l i t ie s  in  
experim ent 3 were th e  r e s u l t  o f  can n ib a lism  a t m o lt. Most o f the  
crwwfish used in  experim ents 1  and 2  were a b le  to  d e la y  m olt by 
rem aining in  in te r m o lt  (C) or a r r e s te d  prem olt (D0 ) .  M o r ta l it ie s  in  
experim ent 4 were more co m p lica ted . The p r in c ip le  m o r ta lity  a t  the  
high  s to c k in g  r a te  took  p la c e  w ith in  one day a f t e r  the experim ent 
began. Both in te r m o lt  and prem olt cra w fish  d ie d . The w ater in  
t h e ir  c o n ta in e r s  was fo u l from void ed  w aste  products compounded by 
d ecom p osition  o f  dead cra w fish . A pparently th ere  was a m assive  
b u ild  up o f  p a th o g en ic  b a c t e r ia l  p o p u la tio n s  as d escr ib ed  by 
Amborski e t  a l .  (1974) which k i l l e d  weaker cra w fish . The voided  
w aste  products probably served  as b oth  a sou rce o f  th e  b a c te r ia  as 
w e ll  as the c u ltu r e  medium. No m o r ta lity  took p la c e  during th e  same 
p eriod  a t  th e  low s to c k in g  r a te ,  su p p ortin g  t h is  v iew .
Table 24. Results of Simulated Holding Experiments.
Average
Experiment S iz e
(mm)
D en sity 1
1  da




Reps C raw fish/
C ontainer
% Prem olt a t  
Term ination
Expt l 2 3 9 .4
*y
1 mm/69 mm 98.9 9 7 .8 9 7 .8 3 29 .7 4 3 .0
32 .5 1 mm/83 mm2 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0 1 30 16 .7
Expt 2 5 8 .0 1 mm/49 mm2 9 8 .2 9 3 .0 8 8 . 6 4 2 8 .3 7 .3
Expt 3 
Feed 2
Cone. 1 3 4 .0 1 mm/138 mm2 1 0 0 . 0 8 6 .3 8 0 .4 3 17 82 .2
Cone. 2 34 .0 1 mm/35 mm2 9 6 .1 78 .4 7 4 .0 3 6 8 38 .1
No Feed
Cone. 1 34 .0 1 mm/138 mm2 1 0 0 . 0 8 2 .4 78 .4 3 17 9 .8







D en sity S u r v iv a l  
1  da 7 da
(%)
14 da
Reps C raw fish/
C ontainer
% Prem olt a t  
Term ination
Expt 4 
Feed 3  
Cone. 1 5 3 .0 1 mm/138 mm̂ 1 0 0 . 0 8 1 .8 6 8 . 2 2 1 1 5 .5
Cone. 2 5 3 .0
2
1 mm/35 mm 6 1 .6 5 4 .7 5 1 .2 2 43 2 5 .1
No Feed 
Cone. 1 53 .0 1 mm/138 mm̂ 1 0 0 . 0 7 2 .7 6 8 . 2 2 1 1 0
Cone. 2 5 3 .0 1 mm/35 mm̂ 8 6 . 0 7 3 .3 72 .1 2 43 8 . 2
M illim e te r s  o f  craw fish  per m illim e te r s  squared o f  bottom  a rea .
2
C ontrol group sep a ra ted  from o th er  r e p l ic a t io n s  due to  s i z e  d if f e r e n c e .  
% eed -  1% estim a ted  body w eigh t per day, D ie t  No. 2 1 -5 /7 2  A.
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The phenomenon d id  n o t tak e p la c e  in  experim ents 1 ,  2 ,  and 3 
b ecause th e  cra w fish  had been  h e ld  in  th e  la b o ra to ry  fo r  one to  
s e v e r a l days b e fo r e  th e experim ents began; th u s , th e ir  g u ts  were 
void ed  o f  p o t e n t ia l ly  p a th o g en ic  m a te r ia ls  b e fo re  any co n cen tra tio n  
could  occu r .
A ll  m o r ta lity  in  experim ent 4 a f t e r  day one in v o lv e d  can n ib alism  
o f m o ltin g  cra w fish .
The g en era l trend  in  a l l  four experim ents was fo r  most m o r ta lity  
to  occur w ith in  th e f i r s t  w eek. C raw fish th a t were p a st  i n i t i a l  
prem olt su b sta g e  DQ could n ot s to p  th e  impending m olt and because  
th e v ic t im s  o f  c a n n ib a l i s t i c ,  nonm olting cra w fish .
The purpose o f  experim ents 3 and 4 was to  examine s to c k in g  
co n cen tra tio n s  and fee d in g  l e v e l s  to  determ ine w hether o r  not 
m o r ta lity  was a f fe c te d  by th e  two param eters and any in te r a c t io n s  
betw een th e  two. Table 36 (Appendix D) in c lu d e s  a n a ly ses  o f  var ia n ce  
fo r  th e se  param eters in  b oth  exp erim en ts. S tock in g  co n cen tra tio n  
was h ig h ly  s ig n i f i c a n t  (P ^  0 .0 1 )  in  both ; however, fe e d in g  l e v e l  
and c o n cen tra tio n  x fee d in g  l e v e l  were not s ig n i f i c a n t l y  d i f f e r e n t  
(P 0 .0 5 )  in  experim ent 3 b u t w ere in  experim ent 4 (P 4. 0 .0 1 ) .
I f e e l  th a t  th e  i n i t i a l  m o r ta lity  a t  th e  h igh  co n cen tra tio n  in  
experim ent 4 accounted fo r  th e  s ig n i f ic a n c e  o f  th e  two fa c to r s  in  
th a t experim ent.
An obvious d if f e r e n c e  betw een fee d in g  l e v e l s  in  both  experim ents
i s  th a t  th e  p ercen t o f  cra w fish  in  prem olt a t term in a tio n  in  both
co n cen tra tio n s  was h ig h er  in  th e fed  groups (T able 2 4 ) . Most craw fish  
were in  th e  a r r e ste d  prem olt su b sta g e  DQ.
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Feeding probably d id  n o t a f f e c t  s u r v iv a l  to  any g r e a t e x te n t  and 
i s  probably n o t w arranted u n le ss  cra w fish  are to  be encouraged  
to  m olt or are  to  b e h e ld  fo r  extended p e r io d s .
In  order to  examine th e  w aste  b u iid  up problem , I  conducted a 
supplem ental h o ld in g  experim ent (Appendix F ) . I used a s l i g h t l y  
h ig h er  s to c k in g  c o n cen tra tio n  ( 1  mm per 28 mrn̂ ) than th a t in  
experim ents 3 and 4 and stock ed  th e  cra w fish  (average s i z e  about 3 6 .5  
mm) im m ediately  upon ca p tu re . C ontro l s to c k in g  c o n cen tra tio n  was 
1 mm p er  223 mm .̂ The r e s u l t s  o f  the experim ent c le a r ly  c o n f l i c t  
w ith  my c o n c lu s io n  th a t  b a c t e r ia l  b u ild  up k i l l e d  craw fish  in  
experim ent 4 . However, accord in g  to  Amborski (1975 , P e r s . Comm.)^, 
the b a c t e r ia l  b u ild  ups th a t  he had rep orted  e a r l ie r  (Amborski 
e t  a l . ,  1974) do n o t occur every  tim e cra w fish  or o th er  a q u atic  
organism s are con fin ed  in  lim ite d  sp a ces  a t  h igh  numbers. T h erefore, 
th e  c o n c l ic t in g  r e s u l t s  are  r e s o lv e d , and i t  becomes obvious th a t  
good s a n it a t io n  must be m aintained  to  p reven t such s i tu a t io n s  from  
o ccu rr in g .
I  a ls o  determ ined s i z e  d is t r ib u t io n s  a t  th e  b eg in n in g  and a t  
the end o f  the supplem ental h o ld in g  experim ent (Appendix F ) . The 
cra w fish  were not f e d ,  and the la r g e s t  craw fish  were 20-25 mm la r g e r  
than th e s m a lle s t  c ra w fish . However, th e  sm a lle r  craw fish  d id  n ot  
s u f fe r  d isp r o p o r tio n a te  m o r ta lity  in  two w eeks. T his su g g ests  th a t
I p e r s . Comm., 15 May 1975, R. L. Amborski, Department o f  M icro­
b io lo g y ,  L ou is ian a  S ta te  U n iv e r s ity ,  Baton Rouge, L o u is ia n a .
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grading cra w fish  may not be as much o f a concern as w hether or not 
they have p rogressed  p a s t  prem olt su b sta g e  Dq . A l l  m o r ta lity  in  th e  
supp lem ental h o ld in g  experim ent in v o lv ed  ca n n ib a lism  o f  m olted  
cra w fish .
D en sity  s tu d ie s  o f  cra w fish  in  co n fin ed  a rea s  have d e a lt  w ith  
attem pts to  determ ine sh o r t  term group b eh av ior and d is p e r s a l  
mechanisms (B ovb jerg , 1953, 1956, 1959, 1970; Lowe, 1956; Mobberly 
and Owens, 1966; Bovbjerg and S tephen , 1 9 7 4 ). I  have n ot attem pted  
to  reduce d e n s i t ie s  to  co n c e n tr a tio n s  com parable w ith  my s tu d ie s  
becau se the re feren ced  papers e i th e r  d id  n o t r e la t e  th e s i z e s  o f  
cra w fish  u sed , th e  s i z e s  o f th e  c o n ta in e r s  used or b o th .
G e n e ra lly , r eg u la r  dominance orders appear; how ever, th ere  
are ap p aren tly  c e r ta in  d e n s i t ie s  a t  w hich a g o n is t ic  b eh av ior  i s  
rep laced  by p a s s iv e  b eh a v io r . I f  op p o rtu n ity  to  le a v e  th e  area  i s  
a v a ila b le  a t  such h ig h er  d e n s i t i e s ,  the cra w fish  d is p e r s e  in to  th e  
unoccupied r e g io n s . At both  low and h igh  d e n s i t i e s ,  m o ltin g  cra w fish  
are u s u a lly  a tta ck ed  and ea ten  i f  they  cannot e sca p e .
RECOMMENDATIONS
Pond Management
Current demand i s  fo r  50 -70  mm cra w fish  fo r  b a i t  (Appendix A ). 
Septem ber, O ctober, and November r e f lo o d in g  o f  cra w fish  ponds w i l l  
p rov id e t h is  s i z e  cra w fish  from m id-O ctober through l a t e  May.
Management fo r  t h is  s i z e  I?, c l a r k i i  req u ir es  heavy p o p u la tio n  
d e n s i t ie s  and l im ite d  food s u p p lie s .  S in ce  a r t i f i c i a l  p rod u ction  o f  
la r g e  numbers o f  immature cra w fish  has n o t been e s ta b l is h e d ,  n a tu ra l 
rep rod u ction  must be r e l ie d  upon fo r  each y e a r 's  s to c k  o f cra w fish .  
O ver-h arvestin g  ponds may reduce cra w fish  n u n iers below  th a t  
n ecessa ry  to  s u s ta in  y e a r ly ,  h igh  rep rod u ction ; th e r e fo r e , I  recommend 
th a t ,  in  a d d it io n  to  b a i t  p rod u ction  ponds, se p a r a te  ponds should  be 
m aintained  accord in g  to  e s ta b lis h e d  management p rocedures (LaCaze, 1970; 
H i l l  and C ancienne, 1966) to  su pp ly  a d u lt  cra w fish  fo r  r e s to c k in g  b a i t  
p rod u ction  ponds in  May p r io r  to  summer d ra in in g .
Further research  in to  m an ip u lation  o f  r e f lo o d in g  schemes i s  
needed . August and December r e f lo o d in g  shou ld  be in v e s t ig a te d .  
Experim ental f i s h  ponds a t  th e  LSU Ben Hur F is h e r ie s  R esearch  
C enter are  drained fo r  h a r v e s t  o f  f i s h  in  October-November and are  
r e flo o d e d  in  l a t e  February -  e a r ly  March. Good crops o f  l a t e  sp r in g  
cra w fish  r e s u l t  and d isa p p e a r , a p p aren tly  burrow ing, when they reach
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m a tu rity  (p erso n a l o b s e r v a t io n s ) .  P red a tio n  i s  l i g h t  s in c e  stocked  
f i s h  are  f in g e r l in g s  a t  th e  tim e. T h is su g g e s ts  th a t  in  sm a ller  
ponds (5 ha or l e s s )  where c o s t s  o f  moving w ater  a re  l e s s  than in  
la r g e r  ponds, more than one dry p er io d  p er  y ea r  cou ld  prove 
b e n e f i c i a l .  P o ly c u ltu r e  o p tio n s are  ob v io u s.
H arvestin g
S in ce  th ere  i s  a heavy lo s s  o f  m o ltin g  cra w fish  during h o ld in g  
p e r io d s , trap p in g  w ith  13 111111 mesh tra p s i s  p r e fe r a b le  to  s e in in g .  
S e in in g  i s  in d is c r im in a te  and ca tch es  fa r  more prem olt and s o f t  
cra w fish  than does tra p p in g . In  another stu d y  (unpublished  data)
I  found th a t cra w fish  d id  n o t s t a r t  en te r in g  tra p s u n t i l  they  
reached approxim ately  40 mm even when 32 mm mesh tra p s were u sed . 
Thus s e in in g  would be n ecessa ry  fo r  ca tch in g  cra w fish  much l e s s  than  
45 mm.
S e in in g  where and when f e a s ib le  would be p e r f e c t ly  s a t is f a c t o r y  
fo r  ca tch in g  cra w fish  th a t are  to  b e fr o z e n . I f  ponds are  c le a r  
enough o f d e b r is  to  perm it s e in in g ,  sm a ll mesh traw ls  m ight be used  
to  advantage.
P rod u ction  o f  S o f t -S h e l le d  P . c l a r k l i
The m a jo r ity  o f  immature P̂ . c l a r k i i  w i l l  m olt w ith in  te n  days 
a f t e r  th ey  are p laced  under c o n tr o lle d  c o n d it io n s ;  th u s , hormonal 
in j e c t io n  or e y e s ta lk  l i g a t io n  i s  n ot needed to  s t im u la te  m o lt.
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Under unusual c ircu m sta n ce s , e y e s ta lk  l i g a t io n  would be p r e fe r a b le  to  
hormone (ecd y stero n e ) in j e c t io n  s in c e  such m o lter s  are a b le  to  make a 
com plete m o lt.
I f  " so ft"  cra w fish  are to  be h e ld  a l i v e ,  th ey  should  be m olted
in  d e io n iz e d  w ater and not fe d . I  have k ep t cra w fish  in  such a
s t a t e  fo r  th r e e  to  f i v e  weeks w ith o u t m o r ta lity  ( i s o la t e d  from each
o t h e r ) . They m ight be k ep t a l i v e  lo n g er  in  w hich ca se  minimal
fe e d in g  m ight be u s e f u l .
C raw fish  may b e  m olted  in  group c o n ta in e r s  as long as m id- 
« ' »
prem olt (D^ -D2 ) or l a t e r  prem olt s ta g e  cra w fish  are h e ld  to g e th e r .  
O th erw ise , can n ib a lism  would ca u se  u n accep tab le  m o r ta lity .
S tev en so n 's  (1972b) method o f m olt s ta g in g  can be u t i l i z e d  e f f i c i e n t l y  
w ith  P_. c l a r k i i ; how ever, an o p era tor  would soon b e a b le  to  sep a ra te  
m o lters  by v is u a l  cu es such as darkening (D2 ,? -D2 )> d is c o lo r a t io n  o f
f  f  9
ch e la  (D^ ”D2^’ anc* s e P a r a t i ° n  o f  th e  cep h a lo th orax  from th e  abdomen
(D3 -D 4 ) w ith o u t r e s o r t  to  con tin u ed  u se  o f  a m icroscope.
J u v e n ile ,  h a r d -sh e lle d  _P. c l a r k i i  cou ld  b e  sh ipped  o u t - o f - s t a t e  
fo r  m oltin g  and s o f t - s h e l l e d  cra w fish  p rod u ction  in  o th er  lo c a t io n s .
d ipping
Frozen craw fish  shou ld  meet th e  b u y e r 's  s p e c i f i c a t io n s .  L ive  
cra w fish  sh ou ld  be sh ipped  in  c o n ta in e r s  d esign ed  to  in su r e  adequate  
m oistu re  to  keep g i l l s  damp and adequate v e n t i l a t io n  to  In su re th a t  
adequate oxygen i s  a v a i la b le .  Packing m a te r ia l should  not r e le a s e
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w ater and i t  sh ou ld  l i m i t  movements w ith o u t h in d er in g  v e n t i la t io n  
or cru sh in g  th e  c r a w fish . Craw fish sh ou ld  be packed in  in d iv id u a l  
la y e r s  w ith  p a r t i t io n s  betw een  la y e r s .  A r t i f i c i a l  c o o lin g  i s  not 
n e c e ssa r y  u n le s s  tem peratures w ith in  th e  c o n ta in e r  exceed  about 
26°C. C ooling  tem peratures need n ot go below  6 °C.
H olding
L iv e , h a r d -sh e lle d  cra w fish  shou ld  be h e ld  semisubmerged such  
th a t  the low er edge o f  th e  carapace can be r a ise d  above th e w ater
su r fa c e  to  p erm it a c c e ss  to  atm ospheric oxygen. D e n s i t ie s  o f  1 mm of
o
cra w fish  per 30 mm o f  bottom  area  are  a c c e p ta b le  f o r  p er io d s  o f  up 
to  two weeks w ith o u t fe e d . However, s e v e r a l w ater exchanges are  
n e c e ssa r y  in  th e  f i r s t  day p o stc a p tu re  to  a ssu re  p rev en tio n  o f  th e  
b u ild  up o f b a c t e r ia l  pathogens from vo id ed  gut c o n te n ts . D a ily  
w ater exchanges are a minimum requirem ent fo llo w in g  day one. P re -  
m o lters  shou ld  b e  e lim in a te d  i f  a t  a l l  p o s s ib le  s in c e  they  are  
in v a r ia b ly  c a n n ib a liz e d  by n on m olters. Trapping i s  a p o s s i b i l i t y  in  
th a t  m id - la te  p rem olt cra w fish  do n ot r e a d i ly  e n te r  tr a p s .
Supplem ental Markets fo r  S tu n ted , Mature Crawfish
When a cra w fish  m olts in to  th e  mature s t a t e ,  i t  w i l l  g e n e r a lly  
remain f a i r l y  " so ft"  fo r  about two w eek s. During th a t  p er io d  
s tu n te d  cra w fish  ( l e s s  than 75 mm) cou ld  b e s o ld  a l i v e  or fro zen  
whole fo r  b a i t .  Once th e  hardening p r o cess  has p rogressed  to  th e
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p o in t  th a t  th e  s h e l l s  take on a pronounced red c o lo r  as opposed to  
a b row n ish -green , th e  cra w fish  shou ld  be p ro cessed  as fr o z e n , 
unpeeled  t a i l s  fo r  b a i t .  Frozen cra w fish  in  t h is  s i z e  range are  
ap p a ren tly  used as c a t f i s h  b a i t  and harder cra w fish  are  not as  
a c c e p ta b le . Leaving th e  body in t a c t  would add sh ip p in g  w eigh t and 
r e s u l t  in  a l e s s  than s a t i s f a c t o r y  product s in c e  fisherm en  would 
probably d isc a r d  th e "head" anyway.
Adequate s to r a g e  c a p a c ity  shou ld  be a v a i la b le  fo r  fro zen  
cra w fish  s in c e  th ey  would probably be a v a ila b le  w e l l  b e fo r e  o u t -o f -  
s t a t e  m arkets w ere ready fo r  them. C oord in ation  betw een o u t - o f - s t a t e  
buyers and cra w fish  o r g a n iz a tio n s  could  a s s i s t  in  in su r in g  a market 
fo r  sm a ll craw fish  (s tu n ted  or n o t s tu n te d )  th a t are o fte n  found la t e  
in  th e  pond sea so n  when w ild  crops d r iv e  p r ic e s  down. Such 
c o o r d in a tio n  cou ld  mean th e  d if f e r e n c e  betw een f in a n c ia l  s u c c e s s  or  
d is a s t e r ,  e s p e c ia l ly  i f  a s tu n ted  crop was produced e a r ly  in  th e  pond 
sea so n .
P o lv c u ltu r e
C a tf ish  f in g e r l in g  and minnow farm ers have g e n e r a lly  poison ed  
craw fish  in  t h e ir  ponds, co n s id er in g  them to  be p e s t s  ra th er  than  
a s s e t s .  These a q u a c u ltu r is ts  should  o rg a n ize  d is t r ib u t io n  channels  
fo r  cra w fish  in s te a d  o f k i l l i n g  them. The crop th a t  they  k i l l  i s  
probably as v a lu a b le  as the one th a t th ey  h a r v e s t . Most o p era tio n s  
are lo c a te d  in  north ern  L o u isian a  where th e  l a t e r  sp r in g  d e la y s  
m aturation  o f  the cra w fish  u n t i l  Ju n e-Ju ly  fo r  f a l l  and w in ter
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spawned cr a w fish . T his means th a t b a i t - s i z e  cra w fish  would be 
a v a ila b le  fo r  northern  m arkets b e fo r e  t h e ir  lo c a l  spring-suramer 
rep rod u ction  reaches s i z e s  o f  50 mm or g r e a te r . U n t i l  th a t tim e  
h o ld -o v er  a d u lts  and ju v e n ile s  th a t  d id  n o t m ature p r io r  to  th e  
w in ter  q u ie sc e n t p e r io d , both  groups a lread y  g r e a t ly  d e p le te d  by 
n a tu ra l m o r ta l i ty ,  are  in  l im ite d  su p p ly . A cco rd in g ly , p r ic e s  are  
h ig h er  than when cra w fish  are  abundant.
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Appendix A. Survey o f  the C on tin en ta l U nited  S ta te s  fo r  Commercial Use o f  C raw fish fo r  B a it .
1 . N orth eastern  S ta te s
S ta te P r ic e S iz e D ates U sed /A v a ila b le  N otes Source
Maine
Vermont Jun-Nov
New Hampshire $ .1 5 - .2 5 /e a  
( r e t a i l )
Jun-Aug
M assachusetts
N egative  r e p ly .'
Wild cra w fish  
used fo r  bass  
b a i t .
Wild craw fish  
used fo r  b ass  
b a it .
N egative  r e p ly .'
J .  Underwood, Res. S p e c .,  
Dep. Mar. R e s .,  A ugusta, 
M a., L tr dtd 11 Apr 75.
L. C. Halnon, C hief F ish  
B i o l . ,  Ver. F ish  & Game 
Dep. M on tp elier , V er ., 
undtd r e p ly  to  my l t r  o f  
4 Apr 75.
R. G. Seamans, J r . ,  C hief 
Inland & Mar. F ish . D iv . , 
N. H. F ish  & Game D ep ., 
Concord, N .H ., L tr dtd  
10 Apr 75.
C. K ilb r id e , A ss t . B i o l . ,  
M ass. D iv . F ish . & Game, 
B oston , M ass., Lttf dtd  
10 Apr 75.
C onnecticu t N ega tiv e  r e p ly .' J .  E. Baker, D iv. C h ie f, 
Conn. Dep. A g r ., Aqua­
c u ltu r e  D iy . , M ilfo rd , 
C onn., L tr dtd 15 Apr 75.
Appendix A. Continued
1 . N orth eastern  S ta te s  -  Continued
S ta te P r ic e S iz e D ates U sed /A v a ila b le N otes Source
Rhode I s la n d - - - Wild craw fish  
used fo r  b ass  
b a i t .
J .  M. Cronan, C h ie f , R. I .  
D iv . N at. R e s .,  P rov id en ce, 
R. I . ,  L tr  dtd 14 Apr 75.
2 . A t la n t ic S ta te s
New York — - Summer-Fall R aised  fo r  
b a i t .
E. L. D ie ts c h , Su perv isin g  
A quatic  B i o l . ,  N.Y. Dep. 
E nviron. C cn se rv ., Albany, 
N .Y ., L tr dtd 2 Apr 75.
New York $ .5 0 - .6 0 /  
d o z . ( r e t a i l ) 50-65mm Jun-Oct R aised  fo r  
b a i t .  This 
s i z e  used fo r  
b a ss  b a i t .  
Sm aller ones 
sometimes used  
fo r  perch  b a i t .
J .  L. Forney, S en ior R es. 
A s s o c .,  C orn ell U niv. B io l .  
S t a . , B r id gep ort, N .Y .,
L tr dtd 23 Jan 73 .
New J ersey Wild anim als 
c o l le c t e d  by 
b a i t  d e a le r s  
fo r  r e s a le  on 
l im ite d  b a s is .
R. H. S o ld w ed el, A ss 1 1 .
F ish . B i o l . ,  N .J . D iv.
Fish., Game, & S h e l l f i s h  
Lab, Lebanon, N .J . , Ltr 




2. Atlantic States - Continued
S ta te ___________P r ic e __________ S iz e  D ates U sed /A v a ila b le
Delaware -
Maryland
V ir g in ia  -  -  Summer
V ir g in ia  $ .1 0 - .2 0 /e a  
( r e t a i l )
N orth C aro lina  -
Notes Source
o
No r e p ly .
o
No r e p ly .
W ild anim als 
c o l le c t e d  by 
b a it  d e a le r s  
fo r  r e s a le  on 
l im ite d  b a s is
S o f t - s h e l l s
p referred
when
a v a ila b le .
N egative  
r e p ly . 1
C h ie f , D iv . F ish  & W ild .,
D e la . D ept. N at. R esources 
& Environ. C o n tro l, Dover, 
D ela .
C h ie f , Dep. F o re str y , F ish  
& W ild ., N at. R esources 
I n s t . ,  U niv. o f  Maryland, 
Solom ons, Maryland.
6 .H. C ro ss, E xt. Spec. V .P .I . ,  
B lacksburg, V a ., L tr dtd  
11 Feb 75.
J .M .H ., C h ie f , F ish  D iv . 
Comm. Game & Inland F i s h . , 
Richmond, Y a ., Undtd rep ly  
to  my l t r  o f  4 Apr 75 .
W.D. Baker, C h ie f , D iv . 
Inland F ish . W ild l ife  Res. 
Comm., R a le ig h , N.C. Ltr 
dtd 23 Jan 75.
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2. Atlantic States - Continued
State Price Size D ates U sed /A v a ila b le  N otes Source
North C aro lin a  - N ega tiv e  r e p ly .' A .J . Weber, E xt. For. 
R esources S p e c .,  Ag. E xt. 
S e r v . , N.C. S ta te  U n iv .,  
R a le ig h , N .C ., L tr dtd  
10 Feb 75.
South C arolina - N ega tiv e  rep ly .
South C aro lin a  -
G eorgia
F lo r id a
No s a le s  but 
used fo r  f i s h  
b a i t .
No r e p ly .
N eg a tiv e  r e p ly .'
J .C . F u lle r ,  J r . ,  D ir . ,  
D iv . Game & Freshwater 
F is h . ,  Columbia, S.C.
L tr  dtd 10 Jan 75.
H.C. Loyacano, Dep. 
Entomology & Econ. Z o o l . , 
Clemson U n iv ., Clemson, 
S .C .,  Undtd rep ly  to  my 
l t r  o f 4 Apr 75.
D ir . ,  S ta te  E xt. S e r v .,  
U niv. o f  G a., A thens, Ga.
E.A. Zagar, F ish . B i o l . , 
F la . F ish . R es. L ab ., 
E u s t is ,  F l a . ,  L tr dtd  
31 Oct 7 4 .
Appendix A. Continued
2 . A t la n t ic  S ta te s  -  Continued
S ta te  P r ic e S iz e D ates U se d /A v a ila b le  N otes Source
F lo r id a  - No commercial s a le s  
but good p o t e n t ia l .
T. J en sen , A s s ' t .  P ro f.
& E xt. F o r e ste r , F la . 
Coop. E xt. S e r v . ,  Univ. 
of F l a . ,  G a in e s v i l le ,  
F l a . ,  L tr dtd 20 Feb 75.
F lo r id a  - N ega tiv e  rep ly .^ F.G. Banks, A s s ' t .  C hief 
Fish.. D iv . F la . Game & 
Freshw ater F ish  Comm., 
T a lla h a sse e , F la . Ltr 
dtd 14 Jan 75.
F lo r id a  $ 3 .9 5 /d o z  
( r e t a i l )
-  Commercial vendor. P erson a l P e t s ,  Temple 
T errace, F l a . ,  Add in  
Ourdoor L if e .  1974. 
V ol. 1 5 3 (3 ):  169.
3 . E ast C en tra l S ta te s
P en n sy lvan ia S o f t - s h e l l s  pre­
fe r r e d . S a le s  are  
l im ite d .
D.R. G r a ff, C h ie f , D iv . 
F is h . ,  Penn. F ish . Comm. 
B e l ie fo n te ,  P en n ., L tr  




3. East Central States - Continued
State Price Size Dates Used/Available Notes Source
P en n sy lvan ia  $ 6 .0 0 /1 0 0
(w h o lesa le )
West V ir g in ia  $ .4 5 -1 .5 0 /
doz ( r e t a i l )
West V ir g in ia  $ 1 .50 /d oz  




(w h o le sa le )
$ .9 6 /d o z
( r e t a i l )
$ .9 6 /d o z - l iv e
(w h o le sa le )
$ .75 /d o z-d ea d
(w h o lesa le )
$ 1 .5 0 -2 .0 0 /  
doz ( r e t a i l )
30mm
5Q-60mm
5 0 -6 0mm
5 0 -6 0mm









S o f t - s h e l l s  b r in g  
b e s t  p r ic e .  
Animals w ild  
caught.
P r ic e  fo r  hard- 
s h e l l s .  S o f t -  
s h e l l s  command 
h igh er p r ic e .
Commercial vendor.
Small h a r d -sh e l ls  
fo r  perch b a i t .
These and below  are  
s o f t - s h e l l s .  Most 
are caught w ild  as 
h a r d -sh e lls  and 
m olted .
H arrisburg W holesale  
B a it ,  H arrisburg, P a . ,  
1975 P r ic e  L is t .
B. M ile s , F ish  Mgmt.
S u p ., W. V a ., Dep.
N at. R esources, B e l l -  
v iew , W. V a ., L tr dtd  
25 Mar 75.
Y. Brandt, Dep Grain  
S c i .  & I n d .,  Kans.
S ta te  U n iv ., Manhattan, 
K ans., L tr dtd 4 Nov 74.
F ender's F ish  H atchery, 
B a lt i c ,  O hio, 1975 
P r ic e  L is t .
J .J .  Heyman, C rayfish  
S c i . ,  I n c . ,  209 S. 
B road leigh  R d., Columbus, 
O hio. Numerous l t r s  and 
phone co n v ersa tio n s s in c e  
Aug 72.
Appendix A. Continued
3. East Central States - Continued
S ta te P r ic e S iz e s D ates U sed /A v a ila b le N otes Source
Ohio
Indiana
I l l i n o i s
I l l i n o i s
Kentucky
$ .026  ea
$ .0 4 0  ea
$ .056  ea  
( a l l  w hole­
s a le )
$ 3 .0 0 /1 0 0
$ 2 5 .0 0 /1 0 0
(w h o le sa le )
$ .4 5 /d o z




Jun-Oct C all) Commercial vendor.
50mm Apr-Nov
R aised in  p r iv a te  
h a tc h e r ie s .
N eg a tiv e  r e p ly .'
50mm p r e fer red . 
A ll  s i z e s  same 
p r ic e .  Wild 
caught.
N ega tiv e  r e p ly .'
C a la la 's  Water Haven, 
I n c . ,  New London, Ohio, 
1975 P r ic e  L is t .
W.D. James, Reg. S u p ., 
Ind. Dep N at. R esources, 
In d ia n a p o lis , I n d .,  L tr  
dtd 11 Apr 75 .
A.C. L op in ot, A cting  
C h ie f , D iv . o f  F i s h . ,
111. Dep. C on s., 
S p r in g f ie ld , 1 1 1 . ,  L tr  
dtd 11 Apr 75.
R. S tin a u e r , Area F ish .  
B i o l . ,  111. Dep. C ons., 
Havana, 1 1 1 .,  L tr dtd  
14 Jan 75.
R.L. Rumskey, A s s 't  P rof. 
Dep. F o re str y , U niv. of 
Ky. ,  L ex in gton , Ky. ,  
Undtd rep ly  to  my l t r  o f  
Feb 75.
Appendix A. Continued
3 . E ast C en tra l S ta te s  -  Continued
S ta te   P r ic e   S iz e s  ____  D ates U sed /A v a ila b le_____ N otes______________________Source
Kentucky S ta te  law pro­
h ib i t s  capture in  
p u b lic  w aters fo r  
r e s a le .
C.C. Bowers, J r . ,  D ir . D iv. 
F i s h . , Ky. Dep F ish  &
W ild. R esources, F ran k fort, 
K y ., L tr dtd 10 Apr 75.
Tennessee N ega tiv e  r e p ly .' J .L . B yford , A s s ' t .  P r o f . ,  
Ag. E xt. S e r v .,  U niv. o f  
T en n ., K n o x v ille , T enn ., 
L tr d td . 26 Feb 75.
T ennessee C raw fish used in  
b io lo g ic a l  
s tu d ie s  obtained  
from b a it  
d e a le r s .
J .  Payne, Dep. B io l .  
Memphis S ta te  U n iv ., 
Memphis, Tenn. L tr dtd  
4 Apr 7 5 .
Alabama N ega tiv e  r e p ly .' J .  Weeks, A la . Coop. Ext. 
S e r v . , Auburn U n iv ., 
Auburn, A la . undtd rep ly  
to  my l t r  o f Feb 75.
Alabama N ega tiv e  r e p ly .' S .L . Spencer, C h ie f , F ish . 
S e c . ,  A la . Dep. Cons. & 
N at. R esources, Montgomery, 




3 . E ast C en tra l S ta te s  -  Continued
S ta te P r ic e S iz e s D ates U sed /A v a ila b le N otes Source
M is s is s ip p i - - - N eg a tiv e  r e p ly .^ B. Freemanj C hief o f  F ish . 
M iss. Game & F ish  Comm., 
Jackson , M is s . ,  L tr dtd  
10 Jan 75.
M is s is s ip p i N ega tiv e  r e p ly .^ T. W ellborn, M iss. Coop. 
E xt. S e r v . ,  M iss. S ta te  
U n iv ., S ta te  C o lle g e ,  
M is s . ,  L tr dtd 20 Feb 75.
M is s is s ip p i $ . 0 2  ea  
( r e t a i l )
40-50mm Apr-Jun Commercial vendor. T. K. W ilkey, West P o in t ,  
M iss. Phone con v ersa tio n  
14 Apr 75.
L ou isian a 50-60mm Mar-Apr Sein ed  from r ic e  
f i e l d s  flood ed  
fo r  l e v e l in g .  
Used as b a it  fo r  
fresh w ater  drum.
J . Fow ler, La. Coop. Ext. 
S e r v . , La. S ta te  U n iv ., 
Baton Rouge, L a ., Numerous 
p erso n a l d is c u s s io n s  s in c e  
Sep 72.
4 . West C entral S ta te s
North Dakota N eg a tiv e  r e p ly . D.L. Henegar, C h ie f , F ish . 
D iv . ,  N.D. Game & F ish  
D e p ., Bism arck, N.D. Un- 
dtd rep ly  to  my l t r  o f  
4 Apr 75. !
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4. West Central States - Continued
S ta te P r ic e S iz e s D ates U sed /A v a ila b le N otes Source
South Dakota
W isconsin $2 . 0 0 / g a l  
(w h o le sa le )
2 5 -9 0mm May-Oct
Some w ild  caught 
anim als so ld  as 
b a i t .
D.C. W am ick, F ish . Spec. 
S.D . Dep. Game, F ish  & 
P arks, P ie r r e , S .D ., L tr  
dtd 14 Apr 75
4 l b s /g a l .  S . R eadel, Rhodes' L ive
Commercial vendor. B a it ,  Amherst, W ise ., L tr
dtd 8  Jan 75.
W isconsin $ . 1 0  ea  
( r e t a i l )
5 0 -7 5mm 




K.D. H a l l ,  Midwest 
B io lo g ic a l s , S tev en sp o in t, 
W ise ., L tr dtd 18 Jun 74.
W isconsin $1 0 .0 0 /6 5 0
(w h o lesa le )
$ . 4 0 - . 70/doz  
( r e t a i l )
6 0 -75mm Summer-Fall Commercial 
vendor. P r ic e  
fo r  h a r d -s h e l ls .  
S o f t - s h e l l s  
b rin g  h igh er  
p r ic e .  Frozen  
t a i l s  a ls o  s o ld .
Mr. O t is ,  O tis ' L ive  B a it ,  
P e lic a n  Lake, W ise .,
Phone co n v ersa tio n  during  
Dec 74.
W isconsin D if fu s e  in d u str y . 
H igh est p r ic e s  
fo r  s o f t - s h e l l s  
fo r  b a ss  b a i t .
C.W. T hreinen , A cting  
C h ie f, F ish  Mgmt S e c . ,  
W ise. Dep N at. R esources, 
M adison, W is e ., Ltr dtd  
28 Jun 74.
Appendix A. Continued
4 . West C en tra l S ta te s  -  Continued
S ta te __________ P r ic e ___________ S iz e s_________ D ates U sed /A v a ila b le_____ N otes______________________ Source
M innesota -  -  L im ited w ild  F. A. H ennagir, Comm. F ish .
h a rv est fo r  b a i t  C oord ., Minn. Dep N at.
S a le .  R esources, S t .  P a u l, M inn.,
L tr  dtd 26 Mar 75.
M innesota $ .0 3 —.08  ea May-Sep Some d ea le r s  
have craw fish  
in  w in ter  b u t  
p r ic e s  h igh er  
than summer.
R. W inget, Dep. Z ool. Univ. 
Minn. M in ea p o lis , M inn., 
L tr dtd  6  June 75.
M ichigan No r e p ly .' C h ie f , F ish . D iv . , Mich. 
Dep. N at. R esources, 
L an sin g , Mich.
M ichigan $ 1 .5 0 /lb  
(w h o lesa le )
25-50mm Year round Commercial 
vendor. F ixed  
in  form alin  
fo r  r e s a le .
E. Edwards, The Day B a it  C o., 
P o rt Huron, M ich ., Ltr 
dtd 17 Dec 74.
Nebraska
Kansas
$ .1 0 - .2 5  ea  
( r e t a i l )
S p r in g -F a ll
$ .0 5  ea  
(w h o lesa le )  
$ 1 .0 0 -1 .50/doz  
( r e t a i l )
Jul-A ug
Wild anim als 
caught fo r  
r e s a le .
Wild anim als 
caught fo r  
r e s a le .  Used 
fo r  c a t f i s h  
b a i t .
D. F e i t ,  Comm. F is h . ,  
S p ec. ,  Neb. Game & Parks 
Comm., L in co ln , N eb .,
L trs dtd 27 Mar & 
Apr 75.
25
R. E. Schoonover, C h ief, 
F is h . ,  D iv . ,  Kans. 
F o r e str y , F ish  & Game 
Comm., L tr  dtd 24 Apr 75.
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4. West Central States - Continued
S ta te P r ic e S iz e s D ates U sed /A v a ila b le N otes Source
Kansas Ju l-S ep Wild anim als caught G. C. H alazon, E xt. 
fo r  r e s a le .  Used S p e c .,  Kans. Coop. Ext.
S e r v . ,  Lawrence, K ans., 
L tr dtd 14 Feb 75.
fo r  c a t f is h /b a s s  
b a i t .
Iowa $ . 1 0  ea 
(w h o lesa le )
E arly Spring R aised by a few  
p eop le  in  p r iv a te  
h a tc h e r ie s .  Used 
e s p e c ia l ly  fo r  
b ass b a i t .
D. S tu ffleb eam , D is t .  
F ish . Manager, l a .  
Consv. Comm., B righ ton , 
l a . ,  L tr  dtd 4 Apr 75.
M issou ri May-Sep
M issou ri
S o f t - s h e l l s  
p r e fe r r e d . Used 
p a r t ic u la r ly  fo r  
c a t f i s h  b a i t .
Some r a ise d  by 
minnow farm ers.
S . M. M ichaelson , F ish  
B i o l . ,  Mo. Dep. C onsv., 
J e ffe r s o n , M o., Ltr 
dtd 10 Apr 74.
S. Sm ith, P re s . Mo. 
F ish  Farmers1 A ss o c .,  
Ozark F is h e r ie s ,  
S to u tla n d , M o., L tr  
dtd 24 Apr 74.
Arkansas $ 2 5 .0 0 /1 0 0 0
(w h o lesa le )
4 0 -7 5mm Spring-Summer H arvested  
in c id e n ta l  to  
minnow farm ing.
B. B a ile y ,  S p e c ia l  
P r o je c ts  C oor., Ark. 
Game & F ish  Comm., 
L i t t l e  Rock, A rk ., 
L tr dtd 28 Aug 74.
Appendix A. Continued
4. West Central States - Continued
S ta te P r ic e S iz e s D ates U sed /A v a ila b le  N otes Source
Arkansas P roduction  D. L. Gray, Ark. Coop. Ext.
in c id e n ta l  to  S e r v . , L i t t l e  Rock, Ark. 
m in n ow /catfish  L tr  dtd 14 Feb 75. 
farm ing.
Oklahoma P roduction  R. W. Altman, Okla. Coop,
in c id e n ta l  to  E xt. S e r v . ,  Okla. S ta te  Univ. 
m in n ow /catfish  S t i l lw a t e r ,  O k la ., L tr dtd
farm ing. 17 Feb 75.
Texas N egative
r e p ly .
R. A. McCune, D ir . ,  Inform. 
& E duc., Texas Parks & 
W ild. D ep ., A u stin , T exas, 
L tr dtd 30 Jan 75.
Texas $ .0 2 - .0 5  ea 
(w h o le sa le )
45-65mm Year round J . T. D a v is , Texas Ag. Ext. 
S e r v . , Texas A & M U n iv ., 
C o lle g e  S ta t io n ,  Texas,
L tr dtd 12 Feb 75.
Texas $ 1 .5 0 /lb  
(w h o le sa le )
c ir c a  50mm Mar-Jun Commercial J . H u rst, B i o l . ,  Sabine
vendor. F ish  H atchery, Newton,









O cca sio n a lly  
trapped fo r  f i s h  
b a i t .
R. N. M eCleskey, A s s 't  
C hief F i s h . , N. M. Dep. 
Game & F ish , Santa F e ,
N. M. L tr dtd 9 Apr 75.
O cca sio n a lly  
trapped fo r  
f i s h  b a i t .
N ega tiv e  r e p ly . ■*■
A. R. Esshach, C h ief, 
F ish . D iv . ,  F ish  D ep ., 
P hoen ix , A r iz . , Undtd 
r ep ly  to  my l t r  o f 
18 Mar 75.
U nsigned r ep ly  from Dep. 
F ish . Mgmt., Utah Dep. 
N at. R esources, S a lt  
Lake C ity , Utah, L tr dtd  
29 Apr 75.
Demand, i f  any 
i s  sp o ra d ic .
T. J .  T r e le a se , Nev. 
Dep. F ish  & Game, Reno, 
N e v ., Undtd rep ly  to  my 
l t r  dtd 4 Apr 75.
Appendix A. Continued
6. Western States
State Price Sizes Dates Used/Available Notes Source
Wyoming
Colorado $ .5 0 -1 .5 0 /  
doz ( r e t a i l )
Apr-Sep
N egative  r e p ly .'
Trapped in  
lo c a l  w aters.
J .  R. W hite, A ss’ t  C hief 
F ish . D iv . ,  Wy. Game & 
F ish  D ep ., Cheyenne, Wy. 
L tr dtd 14 Apr 75.
T. M. Lynch, F ish  Manager, 
C olo. Dep. N at. R esources, 
D iv . W ild l i f e ,  Denver, 
C o lo .,  L tr dtd 15 Apr 75.
Montana N eg a tiv e  r e p ly .' U nsigned r e p ly , Mont. 
& Game D ep ., H elena, 
M ont., dtd 11 Apr 75.
F ish
Idaho There i s  
apparently  no 
commercial u se  
but they could  
b e s o ld .
W. R. Cunningham, In fo .  
Spec. I I ,  Idaho Dep.
F ish  & Game, B o is e , Idaho, 
L tr dtd 14 Apr 75.
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7. Far Western States
S ta te P r ic e S iz e s D ates U sed /A v a ila b le N otes Source
W ashington - - - Sm all in d u stry  
fo r  cap tu re o f  
w ild  anim als 
fo r  food .
U nsigned/undtd rep ly  to  my 
l t r  o f  18 Mar 75 to  Wash. 
Dep. F i s h . ,  Olympia,
Wash.
Oregon $ . 75/doz  
( r e t a i l )
Apr-Oct Wild caught 
anim als so ld  
by vendors.
E. C. Case, A s s ' t  Bus. 
Manager, Oreg. F ish  Comm., 
P o rtla n d , O reg ., L tr dtd  
28 Mar 75.
C a lifo r n ia $ .5 0 /d o z .
( r e t a i l )
Spring-Summer T a ils  are  so ld  
fo r  b a it  fo r  
th e  in d ic a te d  
p r ic e .
C. R. Goldman, P ro f. 
L im nology, D iv . Environ­
m ental S tu d ie s ,  U niv.
C a l i f . ,  D a v is , D a v is , 
C a l i f . ,  L tr dtd 10 Mar 75.
C a lifo r n ia $ .7 5 - .9 5 /d o z
( r e t a i l )
l e s s  than  
75mm
May-Aug Wild caught 
anim als so ld  
fo r  b a i t .
E. C. F u lle r to n , C a lif .  
Dep. F ish  & Game, 
Sacram ento, C a l i f . ,  L tr  
dtd 10 J u l 74.
C a lifo r n ia $ 1 .0 0 -0 .3 0 /
doz




Robbies B a it ,  L ak esid e, 
C a l i f . ,  Ad in  F ie ld  & 
Stream , 1974, Y ol 79 
( 8 ) :  128.
■^Answers to  a l l  q u estio n s  on q u estio n n a ire  w ere n e g a t iv e .  
^No r e p ly  was rec e iv e d  to my q u e s tio n n a ir e .




S tage E 
Substage  
Substage A^
S tage  B
Substage  
Substage C2  
Substage  
Substage C4  






S te v e n so n 's  M olt S ta g in g  C r ite r ia  fo r  C rawfish  
(S tev en so n , 1972b ).
-  E cd ysis
-  The c u t i c l e  f e e l s  s l ip p e r y  and very  s o f t .
-  The integum ent i s  no lo n g e r  s o f t  b u t tough and parchm ent- 
l i k e .
-  The s ta g e  i s  n o t su b d iv id ed  in  cra w fish  b u t i s  
c h a r a c te r iz e d  by a s l i g h t  b r i t t l e n e s s  o f  the carapace  
and in c r e a se d  r i g id i t y  in  th e  p o s to r b ita l  r id g e  and 
c e r v ic a l  gro o v e . The r id g e  and groove can s t i l l  be  
r e a d i ly  b en t by th e p ressu r e  from a f in g e r n a i l .
-  The p o s to r b i t a l  r id g e  and c e r v ic a l  groove have become 
r ig id .  O ther p a r ts  o f  th e  carapace are  l e s s  f l e x i b l e  
than b e fo r e  b u t l e s s  r ig id  than they  w i l l  become la t e r .
-  The carapace i s  more r ig id  than b e fo r e . Only th e  g a s t r ic  
reg io n  and a e r o la  are l e s s  r ig id  than th ey  w i l l  become 
l a t e r .
A l l  p a r ts  o f  the carapace have ach ieved  t h e ir  f in a l  
s ta g e  o f  r i g id i t y  a lth ou gh  some reg io n s  such as th e  
b r a n c h ia l reg io n  a re  somewhat f l e x i b l e .
-  No e x te r n a l c r i t e r i a  can d i f f e r e n t i a t e  t h i s  s ta g e .  The 
c u t i c l e  must b e  s e c t io n e d  to  id e n t i f y  w hether or  not 
th e  membranous la y e r  i s  p r e se n t .
The developm ent o f  new s e ta e  can b e se e n  a t  th e  edges o f  
th e  uropods and t e ls o n  by v iew in g  t h is  area  w ith  a 
m icroscope a t  100X.
The ep iderm is w ithdraw s from th e c u t i c l e  o f  th e  b a ses  o f  
th e s e t a e .
-  The ep iderm is r e tr a c t s  from th e  b a s is  o f  th e  o ld  s e ta e  to  
th e e x te n t  th a t  i t  forms a sh arp , s t r a ig h t  l i n e  a sh o r t  
d is ta n c e  below  th e  c u t i c l e .
-  The edge o f  th e  ep iderm is becomes in d en ted , and the  
tu b u lar new s e ta e  f i r s t  become v i s i b l e  due to  s e c r e t io n  






-  F ine h a ir l ik e  branches appear on each s e t a .
-  New c u t i c l e  can b e  se e n  when th e  c u t i c l e  
en sh ea th in g  a propus i s  p u lle d  o f f .
-  The e n t ir e  body can now b e r e a d ily  compressed somewhat 
betw een th e  f in g e r s .
-  The c u t i c l e  s p l i t s  tr a n s v e r s ly  im m ediately  behind th e  
carap ace .
APPENDIX C Length/W eight R e la t io n sh ip  fo r  C raw fish  Used in  
M olting E xperim ents.
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R eg ressio n  o f  T o ta l W eight on T o ta l Length fo r  C raw fish  Used 
in  M olting  Experim ents^.
R egressio n  Equation N R̂
Y = 1 .7 5  + 0 .0 4 6  X + 0 .0014  X2** 341 0 .9 3













APPENDIX D Tables of Statistical Analyses.
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T able 25. A n a ly s is  o f  V ariance fo r  V a r ia b le , T o ta l L ength, 
Pond Study.
Source DF SS MS F
T o ta l 556 102697 .11
Treatment 2 3736 .03 1868.02 5 .2 2 *
Pond (T r t) 9 3222 .64 358 .07
Date 1 1 8259.54 750.87 16 .30**
Trt* Date 2 2 3453 .94 157 .00 3 .41**
Pond* Date (T rt) 97 4469.09 4 6 .0 7
Sex 1 2 5 .25 2 5 .2 5 0 .8 2  NS
T rt* Sex 2 5 2 .4 3 2 6 .22 0 .8 5  NS
Date* Sex 1 1 103 .40 9 .4 0 0 .3 0  NS
Trt* Date* Sex 2 2 439 .65 1 9 .9 8 0 .6 5  NS
Capture Type 1 60142 .85 60142 .85 1942.68**
T rt* Captype 2 3844.32 1922.16 62 .09**
Date* Captype 1 1 4002.12 363 .83 11 .75**
Trt* D ate* Captype 2 2 841 .81 3 8 .2 6 1 .2 4  NS
Sex* Captype 1 198 .04 198 .04 6 .4 0 *
T rt* Sex* Captype 2 1 2 .2 6 6 .1 3 0 .2 0  NS
Date* Sex* Captype 1 1 146 .05 1 3 .2 8 0 .4 3  NS
Trt* Date* Sex* 
Captype 2 2 243 .34 1 1 .0 6 0 .3 6  NS
Error 307 9504 .35 3 0 .9 6
NS -  Not s ig n i f i c a n t  (P >  0 .0 5 )  
* (P <  0 .0 5 )
** (P < 0.01)
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T able 26. A n a ly s is  o f  V ariance fo r  D iffe r e n c e  in  Days to  F ir s t  
Laboratory M olt Between M olt S ta g es  C -  D0  and 
1)[ -  D4 , M olting  S tudy.
Source DF s s MS F
T o ta l 257 2924 .96
R egressio n 1 1442 .92 1442.92 249.24**
Error 256 1482 .05 5 .7 9
** (P <  0.01)
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Table 27. A n a ly s is  o f  V ariance fo r  In term o lt D uration  o f
C ontrol C raw fish a t  D if fe r e n t  D a tes , M olting  S tu d y .*
Source DF ; ss MS F
T o ta l 1 0 2 2071 .36
Treatment 3 796 .66 265 .55 20 .62**
Error 99 1274 .70 1 2 . 8 8
** (P <  0 .0 1 )
^Does n o t in c lu d e  c o n tr o l v a lu e s  fo r  e y e s ta lk  l ig a t io n  
experim ent.
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T able 28. A nalyses o f  V ariance o f  Data fo r  In te rm o lt  
D uration  o f  Hormone I n je c t io n  and E y e s ta lk  
L ig a tio n  E xperim ents, M olting  S tudy.
C ontrol v ersu s  C rayfish  S c ie n c e s ,  In c . M olting  F orm ulation  No. 1 
I n je c te d  Four Days A fte r  F ir s t  L aboratory M olt.
Source DF  SS 1  MS F
T o ta l 47 223 .0 0
Treatm ent 1 2 .3 3  2 1 .3 3  4 .8 7 *
Error 46 201 .67  4 .3 8
C ontrol v ersu s  E cdysterone I n je c te d  Four Days A fter  F ir s t  
L aboratory M olt.
T o ta l 46 555 .32
Treatm ent 1 15 5 .5 6  1 5 5 .5 6  17 ,51**
Error 45 399 .76  8 . 8 8
C ontrol v ersu s  E cdysterone I n je c te d  One Day A fter  F ir s t  
Laboratory M olt




1  4 4 .7 8  4 4 .7 8  .7 2  NS
32 1977 .69  6 1 .8 0
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T able 28. Continued
C ontro l v ersu s  E y esta lk  L ig a t io n  Four Days A fte r  I n i t i a l  
L aboratory M olt.
Source DF s s MS F
T o ta l 32 1817 .64
Treatm ent 1 1190 .91 1190 .91 58 .91**
Error 31 626 .64 2 0 . 2 2
* (P <  0 .0 5 )
** (P <  0 .0 1 )
NS - Not significant (P >  0.05)
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T able 29. A n a ly s is  o f  V ariance fo r  th e  D if fe r e n c e  Between
Days to  M olt o f  Craw fish In  In term o lt and Prem olt 
When In je c te d  With E cd ysteron e, Experim ent 4 ,  
M olting  Study.
Source DF SS MS F
T o ta l 25 126 .62
Treatment 1 1 4 .0 8 1 4 .0 8 3 .0 0  NS
Error 24 112 .54 4 .6 9
NS - Not significant (P >  0.05)
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Table 30. A n a ly s is  o f  V aria n ce , D iffe r e n c e  in  Days to  F ir s t  
Observed Prem olt Substage o f  M olting  T reated  and 
C ontrol C raw fish in  M olting  Experiment Number 5 .
Source DF SS MS F
T o ta l 34 924 .74
Treatment 1 167 .46 167 .46 7.07*
Error 32 757 .28 2 3 .6 7
* (P  XT 0 .0 5 )
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Table 31. A nalyses o f  V ariance fo r  D if fe r e n c e s  in
Carapace L ength , Carapace Dry Weight-®-, and P ercen t  
Calcium o f  Cast Carapaces among 0 Hour Crawfish from 
P ostm olt Carapace Hardening Experim ents 1 and 3 .
Length
Source DF SS MS F
T o ta l 17 123 .76
2
Treatment 2 8 .5 2 4 .2 6 0 .5 5  NS
Error 15 1 1 5 .2 4 7 .6 8
Carapace Dry Weight"®"
T o ta l 17 336 .14
2
Treatment 2 3 7 .3 1 18 .65 0 .9 4  NS
Error 15 29 8 .8 3 19 .92
P ercen t Calcium
T o ta l 17 3 0 .2 8
T rt*  ̂ Length 3 6 .7 7 2 .2 6 1 .3 4  NS
Error 14 2 3 .5 0 1 . 6 8
NS -  Not s ig n i f i c a n t  (P >  0 .0 5 )
"®"g x 1 0 -  ̂ per mm o f  carap ace .
Treatm ents w ere: (1) C ast carapaces o f  0 hour cra w fish  p erm itted
to  m olt in  d e io n ized  w a ter , experim ent 1; (2 ) Cast carapaces o f  0 Hour 
craw fish  p erm itted  to  m olt in  hard w a ter , experim ent 1; (3) c a s t  
carapaces o f  0 hour c r a w fish , experim ent 3 .
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Table 32. Statistical Analyses of Data for Postmolt Carapace
Hardening Experiment Number 2.
Carapace Dry W eight^’ ^-12 H ours, Hard and D eion ized  Water
Source DF SS MS F
T o ta l 11 192 .07
Treatment 1 137.70  137 .70  25.33**
Error 10 5 4 .3 7  5 .4 4
3
P ercen t Calcium -  12 H ours, Hard and D eion ized  Water 
T o ta l 11 107 .85
Time 1 1 0 .9 0  1 0 .9 0  1 .6 6  NS
Length 1 47 .09  4 7 .09  7 .1 8  *
Error 9 5 9 .0 6  6 .5 6
Carapace Dry Weight^»^~12 Hours v s  3 Weeks, D eion ized  Water 
T o ta l 15 156 .80
Treatment 1 0 .9 6  i'0 .96  0 .0 9  NS
Error 14 155 .85  1 1 .1 3
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T able 32. Continued
P ercen t Calcium^- 12 Hours v s  3 Weeks, D eion ized  Water
Source DF SS MS F
T o ta l 15 212 .34
Time 1 3 .66 3 .6 6 0 .2 3  NS
Length 1 0 .7 8 0 .7 8 0 .0 8  NS
Error 13 208 .65 16 .05
NS -  Not s ig n i f i c a n t (P >  0 .0 5 )
* (P <  0 .0 5 )
** (P <  0 .0 1 )
•*-g x  1 0 “^ per mm o f  carap ace . 
A n a ly s is  o f  v a r ia n c e .
3A n a ly sis  o f  co v a r ia n ce .
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Table 33. Statistical Analyses for Differences Between Hard Water
and Deionized Water Treatments, Postmolt Carapace
Hardening Experiment Number 1.
1 2Carapace Dry W eight *
Source DF SS MS F
T o ta l 49 1828 .44
Treatment 1 4 5 5 .1 1 4 5 5 .1 1 9 8 .50**
Time 4 1029.19 257 .27 55 .68**
T rt* Time 4 159 .31 3 9 .8 3 8 .61**
Error 40 184 .82 4 .6 2
P ercen t Calcium
T o ta l 49 2443 .02
Treatment 1 44 1 .0 8 4 4 1 .0 8 142.07**
Time 4 1614 .55 403 .64 130.01**
T rt* Time 4 1 7 6 .6 3 44 .16 14 .22**
Length 1 4 3 .2 6 43*26 13 .93**
Error 39 1 2 1 .0 8 3.10
** (p <  0 . 0 1 )
^g x 1 0 “  ̂ per mm o f  carap ace . 
^A nalysis o f  v a r ia n c e . 
^ A nalysis o f  co v a r ia n ce .
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Table 34. Statistical Analyses of Differences Between Deionized
Water Treatments, Postmolt Carapace Hardening
Experiments 1 and 3.
1 9Carapace Dry W eightA ’
Source DF SS MS F
T o ta l 64 1224.72
T est 1 119.15 119 .15 15.73**
Time 4 650 .03 162 .75 21 .46**
T est*  Time 4 1 5 .3 1 3 .8 3 0 .5 1  NS
Error 55 416 .50 7 .5 7
% Calcium^
T o ta l 64 1921 .02
T est 1 8 6 .75 8 6 .7 5 31.19**
Time 4 1457 .26 364 .32 130 .97**
T est*  Time 4 5 2 .69 1 3 .1 7 4 .74**
Length 1 3 .8 8 3 .8 8 1 .4 0  NS
Error 54 150 .2 1 2 .7 8
NS -  Not S ig n if ic a n t  (P £ 0 .0 5 )
** (P <  0 .0 1 )
^g x 1 0 “  ̂ per mm o f  carapace
2
A n a ly s is  o f  v a r ia n c e .
O
A n a ly s is  o f  covarn a ine .
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T able 35. A n a ly s is  o f  V ariance fo r  D iffe r e n c e s  In Mean Carapace 
Calcium L ev e ls  o f  D if fe r e n t  S iz e  C la sse s  and M aturity  
L ev els  o f  In term o lt jP. c l a r k i i  w ith  O rthogonal 
Comparisons.
Source DF SS MS F
T o ta l 49 207 .35
1
Treatment 4 5 8 .4 0 1 4 .6 0 4 .41**
1 v s  2 ,  3 ,  4 ,  5 1 1 6 .2 6 4 .9 1 *
2 , 4 v s  3 , 5 >0.13 0 .0 4  NS
2 v s  4 3 5 .5 1 10 .73**
3 v s  5 26 .49 8 . 0 0 **
Error 45 148 .95 3 .3 1
"Treatment 1-55 to  60 mm j u v e n ile  or s e x u a lly  in a c t iv e ;  treatm ent 
2 -70  to  75 mm ju v e n ile  or s e x u a lly  in a c t iv e ;  treatm ent 3 -70  to  75 mm 
m ature; treatm ent 4 -85  to  90 nan j u v e n i le  or s e x u a lly  in a c t iv e ;  
treatm ent 5 -85  to  90 mm m ature.
NS -  Not s ig n i f i c a n t  (P >  0 .0 5 )
* (P <  0 .0 5 )
**(P <  0 .0 1 )
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Table 36. A nalyses o f  V ariance o f  Data fo r  V aria b le  S u r v iv a l,  
H olding Experim ents 3 and 4 .
H olding Experiment Number 3
Source DF SS MS F
T o ta l 167 17982 .44
R e p lic a tio n 2 1266 .49 633 .25 6 .93**
C oncentration 1 1555 .51 1555 .51 17.02**
Food 1 336 .03 336 .03 3 .6 8  NS
Cone* Food 1 2 2 . 8 8 2 2 . 8 8 0 .2 5  NS
Error 162 14801.52 9 1 .3 7
H olding Experiment Number 4
T o ta l 1 1 1 30301.90
R e p lic a tio n 1 1050 .44 1050 .44 6 .4 4 *
C oncentrat ion 1 5606 .23 5606 .23 34 .38**
Food 1 1281 .16 1281 .16 7 .86**
Cone* Food 1 4915 .75 4915 .75 30 .15**
Error 107 17448 .33 163.07
NS -  Not S ig n if ic a n t  (P >  0 .0 5 )  
* (P <  0 .0 5 )
** (P <  0.01)
APPENDIX E Mark/Recapture Data fo r  P o p u la tio n  E stim ates fo r  
A ll Treatments and A ll  Sampling P e r io d s , Pond Study.
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Appendix E. M ark/Recapture Data For P o p u la tio n  E stim ates fo r
A ll  Treatm ents and A ll  Sampling P e r io d s , Pond Study.




T rt 2 
M3 r4 U+R2
T rt 3 
M3 R*
1 - - - - - - 8 8 0
2 - - - 95 92 3 35 28 7
3 - -- - 190 171 19 41 29 1 2
4 333 170 163 179 156 23 51 51 0
5 326 196 130 162 115 47 127 1 2 2 5
6 229 1 1 2 119 2 0 2 129 73 156 148 8
7 184 83 1 0 1 199 117 82 342 314 28
8 209 1 1 1 98 144 97 47 393 326 67
9 295 176 119 204 125 79 305 207 98
1 0 300 187 113 448 240 208 473 303 170
1 1 469 256 213 431 146 285 376 224 152
1 2 540 191 349 373 162 2 1 1 595 288 307
13 509 141 368 255 125 130 727 349 378
14 660 263 397 2 2 0 89 131 556 281 275
15 125 57 6 8 199 6 8 131 657 265 392
16 276 1 1 2 164 179 61 118
17 288 141 147 135 55 80
18 203 84 119
19 230 97 133
2 0 5 397 397 0 1 1 1 1 0
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Appendix E. Continued
Sampling P eriod Trt 1 Trt 2 T rt 3
Code^ U+R2 M3 R4 U+R2 M3 R4 U+R2  M3  R4
2 1 5 152 1 2 1 31 - -
2 2 5 - - - 2 1 2 1 0
235 185 97 8 8
"*"Code 1-19 r e p r e se n ts  th e  number o f w eeks tim es two from  




^Supplem ental trap p in g  p er io d s  -  20 = 20 O ct, 21 = 21 O ct, 
22 = 22 O ct, and 23 = 23 Oct 1974.
APPENDIX F. Table of Results for Supplemental Holding Experiment.
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N o./C on ta in er Reps % Prem olt a t  
Term ination
37 .0 1 mm/223 mm̂ 9 6 .7 89 .6 8 9 .6 1 0 3 2 3 .6
36 .2 1  mm/28 mm̂ 1 0 0 . 0 74 .5 70 .2 78 .7 3 3 9 .2
Cone S ta r t /
End
S iz e  D is tr ib u t io n  (%) (mm)
25-30 30-35 35-40 40-45 45-50
2
1 mm/223 mm S ta r t 0 3 7 .9 3 4 .5 2 7 .6 0
End 0 3 8 .5 38 .5 2 3 .1 3 .8
1  mm/28 mm̂ S ta r t 8 . 1 31 .9 38 .3 20 .9 0 .4
End 1 1 . 1 4 8 .4 3 3 .3 1 5 .4 0 . 6
183
VITA
Jay van Huizen Huner was born January 1 8 , 1946 a t  Baton Rouge, 
L o u is ia n a . He a tten d ed  sc h o o ls  in  Baton Rouge and was graduated  
from Robert E. Lee High S ch o o l, Baton Rouge, L ou is ian a  in  1964. He 
then a tten d ed  L o u isia n a  S ta te  U n iv e r s ity  a t  Baton Rouge and was 
graduated cum lau d e w ith  a B ach elor o f  S c ie n c e  d egree in  1968.
F ollow in g  grad u a tio n , he e n r o lle d  in  th e Graduate School a t  
L o u isia n a  S ta te  U n iv e r s ity  a t  Baton Rouge and pursued th e d egree o f  
M aster o f  S c ie n c e  in  th e  Department o f  Zoology and P h y s io lo g y .
During th a t  p er io d  he h e ld  t i t l e s  o f  Graduate Teaching A s s is ta n t  and 
N a tio n a l S c ie n c e  Foundation F e llo w . A fter  com p letion  o f cou rse  work 
req u irem en ts, b u t p r io r  to  w r it in g  a t h e s i s ,  he e n l i s t e d  in  th e  
U nited  S ta te s  A ir  Force in  1969. He served  a s  a Food S e r v ic e  O ff ic e r  
in  Texas and A laska and was honorably d isch arged  in  1972.
He then returned  to  th e  Graduate School a t  L ou isian a  S ta te  
U n iv e r s ity  as a Graduate R esearch A ss is ta n t  in  the F is h e r ie s  S e c t io n  
o f  the School o f  F orestry  and W ild l i f e  Management. Subsequently  in  
1973 , he was accep ted  in to  th e  d o c to r a l program of th e  Department o f  
Marine S c ie n c e s , r e ta in in g  th e  same t i t l e .
He i s  m arried to  th e former J u d ith  Kae M clnnis o f  P i tk in ,  
L o u isia n a . He i s  now a can d id ate  fo r  th e  d egree o f  D octor o f  
P h ilosop h y  in  th e  Department o f Marine S c ie n c e s .
184
EXAMINATION AND THESIS REPORT
Candidate:
Major Field: 
T itle of Thesis:
Jay van Huizen Huner 
Marine S c ie n c es
The B io lo g ic a l  F e a s i b i l i t y  o f  R a is in g  B a it -S iz e d  Red Swamp 
C raw fish , Procambarus c l a r k i i  (G ira rd ), in  L ou isian a
Approved:
Major Professor and Chairman 
v  Dean of the Gradirate School
EXAMINING COM M ITTEE:
Date of Examination: 
J u ly  1 4 . 1975
